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We claim: 
X A memory device comprising: 

\ a first input/output conductor formed above or on a first plane of 
a substrate^ 

\a second input/output conductor; 

a\emiconductor region located between said first input/output 
conductor and said second input/output conductor an intersection of their 
projections; \ 

a chargkstorage medium; and 

wherein ci^aj^fe stored in said charge storage medium affects the 
amount of current that flVws between said first input/output conductor and 
second input/output conduVtor. 

2. The memory device of claim 1 ^wherein said charge storage medium 
is formed between the intersection of said first input/output conductor and 
said second input/output conductoX 

3. The memory device of claim X wherein said charge storage medium 
is formed directly on said semiconductor rtegion. 

4. The memory device of claim 1 wherein said charge storage medium 
is formed adjacent to said semiconductor regio\ 



5. The memory of claim 4 further comprising^ control gate formed 
adjacent to said charge storage medium. 
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The memory of claim 1 wherein current flows through said 
semiconductor region in a direction perpendicular to said plane of said 
substrate. 

7. TheViemory of claim 1 wherein said semiconductor region 
comprises dopectailicon. 

8. A memory ^evice comprising: 

a first inpuf/output conductor formed above or on a first plane of 

a substrate; 

a second inpiA/Mrtput conductor formed above said first 
input/output conductor and lr|ving a projected intersection with said first 
input/output conductor; 

a silicon body located between said first input/output conductor 
and said second input/output conductor and in direct alignment with said 
intersection of said first and second\nput/output conductors; 

a charge storage mediunrrkand 

wherein read current flowsVhrough said silicon body between 
said first input/output and said second input/output in a direction 
perpendicular to the plane of said substrate \nd wherein charge stored in said 
charge storage medium affects the amount of\ead current that flows 
between said first input/output conductor and sajd second input/output 
conductor for a given voltage applied between saicl first input/output 
conductor and said second input/output conductor. 

9. The memory device of claim 8 wherein said ciWge storage medium 
is formed on said silicon body and in direct alignment wit\said intersection 
of said first and said second input/output conductors. 
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). The memory device of claim 8 wherein said charge storage medium 
is formed adjacent to said silicon body. 

1 1 . TWe memory device of claim 8 further comprising a control gate 
formed adjacent to said charge storage medium. 



1 2. A memoV device comprising: 

a first i\(put/output conductor formed above or on a first plane of 

a substrate; 

a second ir\put/output conductor formed above the first 
input/output conductor; 

a third input/output conductor formed above the second 
input/output conductor; 

a first semiconductor region located between an intersection of 
projections of said first input/output conductor and said second input/output 
conductor; 

a second semiconducto\region located between an intersection 



of projections of said second input/output conductor and said third 
input/output conductor; and 

a first charge storage mediurA that affects the amount of current 
that flows between said first input/output conductor and second input/output 
conductor. 



13. A memory cell comprising: 

a diode having a first region and a second r\gion; 
a charge storage region; 



-114- 



Attorney Dockd^pjmber 35905/104 




}n insulation region disposed adjacent to the charge storage region; 

irst contact to the first region, and 
a second contact; 
wherein a predetermined potential across the first and second 
5 contacts causes ^current to flow through the diode, insulation region and 
charge storage region. 

14. The memory \e\\ of claim 13 including a second insulation region 
disposed adjacent the second contact and the storage region opposing to the 

10 first insulation region. 

15. The memory cell of\laim 13 wherein the insulation regions are 
oxide regions. 



:f 15 1 6. The memory cell of claim\l 3 wherein the storage region includes a 

nitrogen compound. 



20 



17. The memory cell of claim 16 v^Jierein the compound includes 
oxygen. 

18. The memory cell of claim 16 where\i the compound includes 
silicon. 



19. The memory cell of claim 16 wherein the^storage region comprises 
25 alumina. 



20. The memory cell of claim 13 wherein the diod\comprises doped 
substrate regions. 



-115- 



Attorney Docke^MPhber 35905/104 




^21 . The memory cell of claim 14* wherein the diode comprises layers 
disposed above a substrate. 

22. Tne memory cell of claim 15 wherein the oxide regions are 
approximately! -5nm thick. 

23. The merV>ry cell of claim 22 wherein the oxide region is 
approximately 2-3nrri thick. 

24. A nonvolatile re^Sfiwrite memory cell comprising: 
an N doped region; \ 

a P doped region; \ 

a storage elemen^disposed between the N doped region and the 
P doped region; \ 

conductors for passincka current through the N doped region, 
the P doped region and the storage elbnrient. 

25. The memory cell defined by claim 24 -wherein the storage element 
comprises a first oxide region. \ 

26. The memory cell defined by claim 25 wherein the storage element 
comprises a second oxide region. \ 

27. The memory cell defined by claim 25 wherein\ne storage element 
comprises a region containing nitrogen. ^ 
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The memory cell defined by claim 27-wherein the storage element 
comprises a second oxide region. 

29. Th\ memory cell defined by claim 24 wherein the storage element 
5 is in direct electrical contact with at least one of the doped regions. 

30. The memory cell defined by claim 24 wherein the storage element 
includes silicon. 

10 31 . The memory c£{\ defined by claim 25 wherein the storage element 

comprises alumina. 

32. The memory cell defirted by claim 24 wherein at least one of the 
doped regions is disposed in a substrate. 



15 



33. The memory cell defined by\laim 24~wherein at least one of the 
doped regions is disposed above a substrate. 



34. A method for operating a memory cell comprising: 
20 trapping charge in a region to program the cell\ 

passing a current through the region when reading data from the cell. 



25 



35. The method defined by claim 34 where thepassing step includes 
causing a current to flow in a first direction to program\nd read the cell. 

36. The method defined by claim 34 where the passingvStep further 
includes causing a current to flow in a second direction to eras\the cell. 
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&7. The method defined by claim 34 wherein the trapping step includes 
passin^a current through a storage element in a first direction. 

38. Tnfe method defined by claim 34 wherein the erasing step includes 
passing currer\through a storage element in a second direction. 

39. In a structure having a diode and an oxide region that exhibits a 
negative-resistance characteristic as a voltage forward biases the diode, an 
improvement comprising: 

a storage region for\apping charge disposed adjacent to the oxide 
region such that a current through the diode and oxide region passes through 
the storage region. 

40. The improved structureVdefined by claim 39 wherein the storage 
region comprises a compound that\ncludes nitrogen. 

41 . The improved structure defined by claim 40 wherein the compound 
includes oxygen. 

42. The improved structure defined by c\a\m 41 wherein the compound 
includes silicon. 

43. The improved structure defined by claim ^-wherein the storage 
region comprises alumina. 

44. An array of memory cells comprising: 

a plurality of cells having at least one semiconductor r^ion and a 
storage region for trapping charge; and 
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control means for controlling the flow of current through the 
semiconductor region and the storage region. 

45. The array defined by claim 44 wherein the control means is 
disposed in tne cells. 

46. The arra\defined by claim 44 wherein the at least one 
semiconductor regioV; is N type. 



47. The array defined by claim 4.6 wherein the control means comprises 
a P type semiconductor region and^s disposed adjacent the N type 
semiconductor region. 



i ancUs 



48. The array defined by cla\i 47 wherein the storage means includes 
an oxide region. 

49. The array defined by claim 48 \herein the storage means includes a 
nitrogen compound. 

50. The array defined by claim 44 where\ the control means is 
disposed externally to the cells. 

51 . The array defined by claim 44, wherein the\emiconductor regions 
of the cells are disposed in a substrate. 

52. The array defined by claim 44 wherein semiconductor regions of 
the cells are formed of polysilicon. 
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The array defined by claim 47 wherein the control means comprises 
an n-ch&nnel, field-effect transistor which includes the n-type region. 

54. A \emory array having N levels where N is two or more, fabricated 
above a substr\te, each level comprising: 

first spaced^part conductors in a first plane parallel to the substrate; 
second spaced^apart conductors in a second plane parallel to the 
substrate and above \\e first plane; 

a plurality of cells \ne disposed between each of the first and second 
10 conductors, each cell cori\prising: 

a steering elemen^^Jch more readily conducts current in one 
4 direction, and 

n a storage stack composing first and second oxide regions with a 

0 storage region between the oxide\egions; 
:315 the steering element and storage stack being disposed between the first 

1 and second conductors such that a current from one conductor passes 

-J \ 

: a 3 through the steering element, first oxide\storage region and second oxide 
before reaching the second conductor. 

20 55. The memory array defined by claim &4~ wherein the second 

conductors in a level N-1 are shared with cells aigove and below the second 
conductors. 



56. The memory array defined by claim 54 wherein the steering 
25 element comprises a p-type region and an n-type region with the storage 
stack being in contact with at least the n-type doped regions 



-120- 



Attorney Dock 



# 



mber 35905/104 




10 



U. In a three dimensional memory array having a plurality of levels 
disposed above a substrate, each level having nonlinear elements, an 
improvement comprising: 

a storage stack associated with each of the nonlinear elements 
comprising aVtorage region for trapping charge disposed between regions of 
oxide such tharaa current flowing through the nonlinear elements passes 
through one of tng oxide regions, the storage region and the other oxide 
region. 

58. The improvement defined by claim 57 wherein charge is trapped in 
the storage region by passing a current of at least a first predetermined 
density in a first direction^ 



59. The improvement defined by claim 58 wherein charge trapped in 

\ 

the storage region is sensed b\ passing a current in the first direction of less 
than a second predetermined density, said second density being less than the 
first density. 



60. The improvement defined b\ claim 59 wherein trapped charge is 
20 neutralized by a current through the storage region in a second direction 
opposite to the first direction. 



25 



61 . The improvement defined by claim*60 wherein when the current 
passes in the first direction the diodes are forward biased. 

62. The improvement defined by claim 61 wherein the storage region 
includes a compound of nitrogen. 
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>3. The improvement defined by claim 62 wherein the diode includes 
an n-type semiconductor region adjacent to one of the oxide regions. 



64. A memory comprising: 

a single crystalline substrate having a plane; 

a firsi contact on or above said plane of said substrate; 

a bodyWi said first contact; 

a second\ontact on said body wherein said second contact is 
substantially vertically aligned over said first contact; 

a charge storaoemadium adjacent to said wherein read current 
flows between said first conmcjjand said second contact in a direction 
perpendicular to said plane of said substrate; and 

a control gate adjacent to said charge storage medium. 

65. The memory of claim 64" wherein said body comprises silicon. 

66. The memory of claim 64 wherei^said body comprises a dielectric 
film surrounded by a silicon film. 

67. The memory of claim 64 wherein said^arge storage medium 
comprises a dielectric stack. 



68. The memory of claim 64 wherein said charge\torage medium 
comprises a silicon floating gate separated from said bodv^by a dielectric. 
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i9. The memory of claim 64 wherein said charge storage medium 
comprises a floating gate formed from conductive nanocrystals and separated 
from said B^pdy by a dielectric. 

70. A mertaory comprising: 

a silicon crystal substrate having a plane; 

a first stocon film having a first conductivity type and a first 
concentration of said fn^t conductivity type dopants formed above said 
substrate; 

a second silico\film having a second conductivity type and a 
second concentration of said Second conductivity type dopants, wherein said 
Slirst concentration is greater theR^j^Jid second concentration; 
^ a third silicon film ha\?tog said first conductivity type and a third 

concentration of said first conductivity type dopants, wherein said first silicon 
film and said third silicon film are substantially vertically aligned; 

a charge storage medium adjacent to said second silicon film; 

and 

a control gate adjacent to said charge storage medium. 

71 . The memory of claim 70 wherein said chaf^cje storage medium 
comprises an ONO film. 



72. The memory of claim 70 wherein said charge stooge medium 
comprises a first dielectric layer adjacent to said second silicon film, a 
floating gate adjacent to said first dielectric layer, and a second ^[ielectric 
layer between said floating gate and said control gate. 
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73. The memory of claim 72 wherein said floating gate comprises 
nanocfystals. 

74. nae memory of claim 72 wherein said floating gate comprises a 
continuous sfticon film. 

75. The memory of claim 70 wherein said first conductivity type is N 
type conductivity atai wherein said second conductivity type is P type 
conductivity. \ 

76. A memory comj^rfBing: 

a first metal contact formed above a substrate; 

a silicon film havJng a first conductivity type formed on said first 
metal contact and forming a Schottky junction with said first metal contact; 

a second metal contact formed on said silicon film and forming a 
second Schottky junction with said\>ilicon film; 

a charge storage mediur\adjacent to said silicon film; and 

a control gate adjacent to\aid charge storage medium. 

77. The memory of claim 76 wherein \aid charge storage medium 
comprises an ONO film. \ 

78. The memory of claim 76 wherein said cfWge storage medium 
comprises a first dielectric adjacent to said silicon film, a floating gate 
adjacent to said first dielectric and a second dielectric \etween said floating 
gate and said control gate. 
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79. The memory of claim 78 wherein said floating gate comprises 
nanocWstals. 

80. TR^e memory of claim 78 wherein said floating gate is a silicon 
floating gate. 

81 . The mei\ory of claim 78 wherein said first conductivity type is P 
type conductivity. 

82. A memory cor^mrising: 

a first silicon\ilm having a first conductivity type formed above 

a substrate; 

a first dielectric l^yer formed on said first silicon film; 

a second silicon filr\of said first conductivity type formed on 
dielectric layer; 

a third silicon film adjacent to and in contact with said first 
silicon film, said first dielectric layer arkl said second silicon film, wherein said 
third silicon film has a second conductivity type opposite said first 
conductivity type; 

a charge storage medium adjacent to said third silicon film; and 

a control gate adjacent to said crarge storage medium. 

83. The memory of claim 82 wherein said enlarge storage medium is an 
ONO film. 



84. The memory of claim 82 wherein said charge srarage medium 
comprises a third dielectric adjacent to said third silicon filrma floating gate 
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adjacent to said second dielectric and a third dielectric between said floating 
gat\and said control gate. 

85. \The memory of claim 84 wherein said floating gate is formed from 
nanocrystaT 

86. The r\emory device of claim ,84 wherein said floating gate is formed 
from silicon. 



87. The memorl device of claim 82 wherein said first conductivity type 
is N type conductivity t\pe^and wherein said second conductivity type is P 
type conductivity. 



>e ana 



88. A memory comprising: 

a substrate; 

a first silicon film ha\^g a first conductivity type and a first 
concentration of said first conductivity type over said substrate; 

a second silicon film having a second concentration of said first 
conductivity type on said first silicon filr\wherein said second concentration 
is less than said first concentration; 

a third silicon film having a sec^d conductivity type formed on 
said second silicon film; 

a charge storage medium adjacent t\said second silicon film; 

and 

a control gate adjacent to said charge storage medium. 

89. The memory of claim 88 wherein said charge st\rage medium 
comprises an ONO film. 
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)0. The memory of claim 88 wherein said charge storage device 
comprises a first dielectric adjacent to said second silicon film, a floating gate 
adjacent to said first dielectric and a second dielectric between said floating 
5 gate and said control gate. 

91 . The memory device of claim 90 wherein said floating gate is formed 
from nanocrystak 

! |0 92. The memor\of claim 90 wherein said floating gate is formed from 

!!• silicon. 
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93. The memory of cl\i^J 88 wherein said first conductivity type is P 
type conductivity and wherei\said second conductivity type is N type 
conductivity. 
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94. A memory comprising: 

a single crystal silicon substrate having a plane; 
a dielectric formed above said plane of said single crystal silicon 



20 substrate; 



a first contact formed on said dltelectric; 

a body formed on said first contact; 

a second contact formed on said boc 

a charge storage medium adjacent to s&id body and wherein 
read current flows between said first contact and saidisecond contact in a 
direction perpendicular to said plane of said substrate; arnd 

a control gate adjacent to said charge storagewmedium. 
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i. A memory comprising: 

a first pillar comprising a first contact, a body on said first 
contact, aft^ a second contact on said body; 

second pillar formed above said first pillar said second pillar 
5 comprising a tmrd contact, a second body formed on said third contact and a 
fourth contact fortaried on said second body; 

a first \harge storage medium adjacent to said first pillar; 
a secon<\charge storage medium adjacent to said second pillar; 

and 

ilO a continuou&film control gate formed adjacent to said first 

I — -y— - 

= 96. The memory of clairr^95 wherein said first charge storage medium 

comprise a film containing nanocrystals. 

^ 97. A memory comprising: 

3 a first pillar comprising a^first contact, a body on said first 

contact, and a second contact on said body; 

a second pillar formed abovevsaid first pillar said second pillar 
20 comprising a third contact, a second body farmed on said third contact and a 
fourth contact formed on said body; 

a first dielectric formed on the sid^yvalls of said first pillar and 
said second pillar; 

a nanocrystals film formed on and adj^pent to said first dielectric 
25 adjacent to said first and second pillars; 

a second dielectric formed adjacent to saicl nanocrystals; 
a first control gate formed adjacent to said second dielectric 
adjacent to said first pillar; and 
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^ second control gate formed adjacent to said second dielectric 
adjacent to saicl second pillar. 

98. The menrbry of claim 97 wherein said first control gate and said 
second control gate Ve formed from a continuous film. 

99. A semiconductor device comprising: 

a monolithic three dimensional array of charge storage devices 
formed in an amorphous or pot/crystalline semiconductor layer over a 
monocrystalline semiconductor^JBstrate; and 

driver circuitry formed\n the substrate at least in part under the 
array, within the array or above the^array. 

100. The semiconductor devicetof claim 99, wherein the driver 
circuitry comprises at least one of sense Namps and charge pumps formed 
under the array in the substrate. \ 

101. The semiconductor device of claim99, wherein at least one 
surface between two successive device levels isxplanarized by chemical 
mechanical polishing. \ 

102. The semiconductor device of claim 101, wherein the array 
contains four or more device levels. \ 

103. The semiconductor device of claim 102 wherein^each charge 
storage device is selected from a group consisting of a pillar T^T EEPROM, a 
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pillar diode with a charge storage region, a self aligned TFT EEPROM, and a 
raiXstack TFT EEPROM. 

l\4. The semiconductor device of claim 103, wherein each level of 
5 array is serrated from another level of the array by a polished planar 
interlayer ins&Jating layer. 



10 
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105. The semiconductor device of claim 104, wherein each device 
level is planar with respect to the adjacent device levels. 

106. A three dimensional semiconductor device comprising a plurality 
of device levels, each level opnjagBns: 

an active semicofHdOctor region; 
a charge storage re\ion; 
a first electrode; 
a second electrode; and^ 

wherein a first side of the^active semiconductor region is aligned 
to a first side of one of the first and the second electrodes. 



20 107. The semiconductor device of clarrn 106, wherein a second side 

of the active semiconductor region is aligned to\a second side of the other 
one of the first and the second electrodes. 



108. The semiconductor device of claim 1 07,\vherein: 
25 the active semiconductor region comprises^ vertical pillar 

including a channel, a source and a drain region; 

the first and the second electrodes contact one\>f the source 
and the drain regions; and 
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the device further comprises a gate electrode. 

109. Thksemiconductor device of claim 107, wherein: 
the aofive semiconductor region comprises a vertical p-n junction 

pillar; and 

the first atai the second electrodes contact one of the p and the 
n regions of the p-n junction. 

110. A method of m\king a three dimensional semiconductor device 
comprising a plurality of devic^ levels, the method of making each device 
level comprises: 

forming an active s^V\Monductor region; 
forming a charge storage region; 
forming a first electrode^ 
forming a second electrode; and 
patterning at least two sides of the active semiconductor region 
and a first electrode during a same photolithography step. 

111. The method of claim 1 10, wher\in the active semiconductor 
region and a first electrode are etched using aVst mask. 

1 1 2. The method of claim 111, further comprising etching the second 
electrode and the active semiconductor region using^a second mask. 

1 1 3. The method of claim 111, wherein: 

the active semiconductor region comprises \ vertical pillar 
including a channel, a source and a drain region; 
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the first and the second electrodes contact one of the source 
and the drain n^gions; and 

further comprising forming a gate electrode. 

1 1 4. The meViod of claim 111, wherein: 

the activ\semiconductor region comprises a vertical p-n junction 

pillar; and 

the first andVthe second electrodes contact one of the p regions 
and the n regions of the p-fh junction. 

115. A semiconductoi\device comprising: 

an active semiconq^u^qr region containing a channel, a source 
and a drain region; 

a gate insulating layeli; 

a source electrode; 

a drain electrode; and 

a gate electrode; 

wherein a first side of the Active semiconductor region is aligned 
to a side of the gate electrode only in the^hannel portion of the active 
semiconductor region. 

1 1 6. The device of claim 1 1 5, where\» the gate insulating layer 
comprises a portion of a charge storage region. 

117. The device of claim 1 1 6, wherein th^k device comprises a self 
aligned TFT incorporated into a monolithic three dimensional array of devices. 



118. A method of making a semiconductor device, comprising: 
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>rming an active semiconductor region containing a channel, a 
source and a drain region; 

forming a gate insulating layer; 
forming a source electrode; 
forming a drain electrode; 
forming^ gate layer; and 

patterning^ the gate layer and the source and drain regions but 
not the channel region qf the active semiconductor layer during a same 
photolithography step. 

1 1 9. The method Jit claim 118, wherein: 

the active semiconcy^or region and a gate layer are etched using a 
first mask; and 

the gate insulating \ay\r comprises a portion of a charge storage 

region. 



20 
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1 20. The method of claim 11 9, further comprising forming a 
monolithic three dimensional array of charge storage devices, which includes 
the patterned active semiconductor layetj 



121. A field effect transistor, compiling: 
a source; 
a drain; 
a channel; 
a gate; 

at least one insulating layer between 



gate and the channel; 



and 
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gate line which extends substantially parallel to a source- 
channel-drain ejection and which contacts the gate and is self aligned to the 
gate. 

5 1 22. The traXsistor of claim 121, wherein the source, the drain and 

the channel are formed! in a polysilicon active layer, which is located above an 
interlayer insulating layer. 

123. The transistorW claim 122, wherein: 
JO the transistor comprises an EEPROM; 

the gate comprisfeM]| control gate; and 

the at least one insulating layer is located in a charge storage 
region between the control gate \and the channel. 

,15 124. The transistor of claimVl 23, wherein the charge storage region 

comprises an ONO dielectric film or a\j insulating layer containing conductive 
I nanocrystals. 

1 25. The transistor of claim 1 23, '^/herein the charge storage region 
20 comprises: 

a tunnel dielectric above the channel; 
a floating gate above the tunnel dielectric; and 
a control gate dielectric above the floating gate. 



25 126. The transistor of claim 123, further comprising: 

sidewall spacers located adjacent to gate\sidewalls and having 
approximately the same height as the gate; and 



-134- 



# 




Attorney Dockd^pTmber 35905/104 



intergate insulating layer which is located adjacent to the 
sidewall spacersyand above the source and drain regions, and which has 
approximately theisame height as the sidewall spacers. 

1 27. The transistor of claim 1 26, wherein: 

the gate Ime is located above the sidewall spacers and the 
intergate insulating layei\ and 

the gate line\ontacts the gate through an opening between the 
sidewall spacers. 

1 28. The transistor of ^laiml 27, further comprising: 
a first bit line contacMg the source region; and 
a second bit line contacting the drain region; 
wherein the first and the second bit lines are located under the 

intergate insulating layer, and extenq^in a direction substantially perpendicular 

to the source-channel-drain direction. 

1 29. The transistor of claim 1 24,Wherein the gate comprises: 
a first portion contacting the charge storage region; and 
a second portion above the firsAportion; 
wherein the first and the second \ate portions comprise 
separately deposited layers. 

1 30. The transistor of claim 1 26, wherein: 

the gate line comprises a word line comprising a silicide layer 
between two polysilicon layers; and 

the gate line is located directly on the interg\te insulating layer 
and top portions of the sidewall spacers. 
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(1 . The transistor of claim 123, wherein the gate line comprises a 
word link which is self aligned to the channel and the charge storage region. 



10 



132. \A three dimensional nonvolatile device array, comprising: 
a plurality of vertically separated device levels, each level comprising 
an array of TFTAEEPROMs, each TFT EEPROM comprising a channel, source 
and drain regionsXand a charge storage region adjacent to the channel region; 

a plurality of bit line columns in each device level, each bit line 
contacting the sourc\or the drain regions of the TFT EEPROMs; 
a plurality of wolad line rows in each device level; and 
at least one inte^layer insulating layer located between the device 

levels. 



515 1 33. The array of claim 1 32, wherein: 

& in at least one device level, the bit line columns are disposed on 

3 an opposite side of TFT EEPROMxshannels from the word line rows; 

the channel of each TR[ EEPROM comprises amorphous silicon 
or polysilicon; 

20 the columns of bit lines exifend substantially perpendicular to a 

source-channel-drain direction of the TFT lEPROMs; 

each word line contacts the cantrol gates of the TFT EEPROMs 
or each word line acts as a control gate of the TFT EEPROMs, and the rows 
of word lines extend substantially parallel \to the source-channel-drain 
25 direction of the TFT EEPROMs; and 

word lines are self aligned to the contitol gates of the array of 
TFT EEPROMs and the word lines are self aligned to Vie channel and the 
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ctaarge storage regions of the TFT EEPROMs located below the respective 
worH lines. 

134\ The array of claim 133, wherein each charge storage region 
comprises a\ONO dielectric film or an insulating layer containing conductive 
nanocrystals. 



135. 
comprises: 



The arfeay of claim 133, wherein each charge storage region 

a tunnel dfislectric above the channel; 
a floating gaiig above the tunnel dielectric; and 
a control gate ^i^p^fric above the floating gate. 



136. The array of claim\33, further comprising: 

sidewall spacers located adjacent to sidewalls of the control 

gates of the TFT EEPROMs, whereirkthe sidewall spacers have approximately 

the same height as the control gates;\nd 

an intergate insulating laye\which is located between the 

sidewall spacers above the source and dra N }n regions of the TFT EEPROMs in 

each device layer, and wherein the intergateVisulating layer has 

approximately the same height as the sidewall \pacers. 



137. The array of claim 136, wherein: 

the word lines are located on the sidewal 

intergate insulating layer in each device level; and 

the word lines contact the respective TFT 

through an opening between the sidewall spacers. 




and on the 



OM control gates 
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38. The array of claim 137, wherein the bit lines in each device level 
compri^ rails which extend under the intergate insulating layer. 

139. \The array of claim 138, wherein: 
^e rails comprise silicide layers over doped semiconductor 

regions; and 

the ckjped semiconductor regions comprise the TFT EEPROM 
source and drain regions in areas where the doped semiconductor regions are 
located adjacent to th\ TFT EEPROM channels. 

140. The array of\l^feh/l32, wherein each control gate comprises: 
a first portion cb\tacting the charge storage region; and 

a second portion\bove the first portion; 
wherein the first arr^ the second gate portions comprise 
separately deposited layers. 

141 . The array of claim 132, farther comprising word line contacts 
and bit line contacts which connect the word lines and the bit lines with 
peripheral circuits located in a semiconductor substrate below the first device 
level of the array. 

142. The array of claim 141, wherein the\yord line and the bit line 
contacts extend between plural device layers. 

143. The array of claim 132, wherein: 
each memory cell comprises a TFT EEPROM^nd 
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each memory cell size per bit is about (2F 2 )/N, where F is a 
minimum feature size and N is a number of device layers in a third dimension 
and where N > 1 \ 

5 ^ 144. An EEPlaOM comprising: 

a channel! 
a source; 
a drain; 

a tunneling dielectric located above the channel; 
3 10 a floating gate located above the tunneling dielectric; 

sidewall spacers located adjacent to the floating gate sidewalls; 
a word line located\above the floating gate; and 
a control gate dielecf^^jocated between the control gate and 
the floating gate; 

£15 wherein the control gate\dielectric is located above the sidewall 

spacers. 



20 



145. The EEPROM of claim 144, wraerein: 

the sidewall spacers extend to e^top of the floating gate; and 
the control gate dielectric is locate^ on top surfaces of the 
floating gate and the sidewall spacers. 



25 



146. The EEPROM of claim 144, wherein the\loating gate extends 
vertically above the sidewall spacers. 

147. The EEPROM of claim 146, wherein the floating gate extends 
laterally above the sidewall spacers, such that the floating gajte has a "T' 
shape. 



-139- 



Attorney Dock »mber 35905/104 




[48. The EEPROM of claim 147, wherein: 

the control gate dielectric is located over a top surface and side 
surfaces\f the floating gate which extend above the sidewall spacers; and 

the word line is located over the control gate dielectric, such 
that the work line acts as a control gate of the EEPROM. 

149. TheMEEPROM of claim 146, wherein a top surface of the floating 
gate is roughened \r textured. 

1 50. The EEPROM of claim 144, wherein the source, the drain and 
the channel are formed a polysilicon active layer, which is located above an 
interlayer insulating layer^u^^iat the EEPROM comprises a TFT. 

151. A three dimensional memory array, comprising: 

a plurality of vertically separated device levels, each level 
comprising an array of TFT EEPROMs of claim 1 50; 

a plurality of bit line columns in each device level, each bit line 
contacting the source or the drain regions of the TFT EEPROMs, and the 
columns of bit lines extending substantially perpendicular to a source- 
channel-drain direction of the TFT EEPROMs; 

a plurality of word line rows in\ach device level, and the rows 
of word lines extending substantially parallel t\the source-channel-drain 
direction of the TFT EEPROMs; and 

at least one interlayer insulating layer\>cated between the 
device levels. 

1 52. The array of claim 1 50, wherein: 
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ithe word lines are self aligned to the channel's and the floating 
gates of the \FT EEPROMs; and 

the bit lines in each device level comprise rails which extend 
under the word Imes. 



^1° 



^15 



1 53. An array of nonvolatile memory cells, wherein each memory cell 
comprises a semiconductor device and each memory cell size per bit is about 
(2f 2 )/N, where f is a minimum feature size and N is a number of device layers 
in a third dimension, anywhere N>1 . 

1 54. The array of c^aim 1 53, wherein: 

the array compr^ges a monolithic three dimensional memory 
array, comprising a plurality o\\^tically separated device levels, where N>1; 
and 

the semiconductor device comprises a TFT EEPROM comprising 
a channel, source and drain regions, and a charge storage region. 



1 55. The array of claim 1 54,\further comprising: 

a plurality of bit line columns in each device level, each bit line 
20 contacting the source or the drain regions of the TFT EEPROMs, and the 
columns of the bit lines extending substantially perpendicular to a source- 
channel-drain direction of the TFT EEPROMs 

a plurality of word line rows in ^ch device level, and the rows 
of the words lines extending substantially parcel to the source-channel-drain 
25 direction of the TFT EEPROMs; and 

at least one interlayer insulating lay^ located between the 
device levels. 
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The array of claim 155, wherein: 

the TFT EEPROMs further comprise control gates; and 
the plurality of word lines are self aligned to the control gates of 
the respective TFT EEPROMs, to the channel regions of the respective TFT 
EEPROMs, and\o the charge storage regions of the respective TFT EEPROMs 
located below th\ respective word lines. 



1315 



1 57. The arra\ of claim 1 56, wherein the TFT EEPROMs further 
comprise: 

sidewall spacers located adjacent to sidewalls of the gates of 
the TFT EEPROMs, wherein^^fsidewall spacers have approximately the 
same height as the gates; anc 

an intergate insulating layer which is located between the 
sidewall spacers, and above the\ource and the drain regions of the TFT 
EEPROMs in each device layer, and wherein the intergate insulating layer has 
approximately the same height as tne sidewall spacers. 



1 58. The array of claim 1 57, wfoerein: 

the word lines are located o% the sidewall spacers and on the 
20 intergate insulating layer in each device le\)^el; and 

the word lines contact the resp&ctive TFT EEPROM control gates 
through an opening between the sidewall spaoters. 



1 59. The array of claim 1 55, wherein the \FT EEPROMs further 
25 comprise: floating gates located in the charge sto\age regions; 

sidewall spacers located adjacent to side\valls of the floating 
gates of the TFT EEPROMs; and 
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an intergate insulating layer which is located between the 
sidewall spacers, and above the source and the drain regions of the TFT 
EEPROMs in ea\h device layer, and wherein the intergate insulating layer has 
approximately the same height as the sidewall spacers; and 

a con\rol gate dielectric located above the sidewall spacers and 
the intergate insulating layer and below the word lines. 

1 60. The array §| claim 1 59, wherein the floating gates extend 
vertically and laterally abaye the sidewall spacers, such that the floating 
gates have a "T" shape. 

161. The array of claim\^Bj further comprising word line contacts 
and bit line contacts which connefctithe word lines and the bit lines with 
peripheral circuits located in a semiconductor substrate below the first device 
level of the array; and 

wherein the bit line contacts extend between plural device 

layers. 



162. A method of making an EEPROIvl, comprising: 

providing a semiconductor active \rea; 

forming a charge storage region ovet the active area; 

forming a conductive gate layer over the charge storage region; 

patterning the gate layer to form a control gate overlying the 
charge storage region; 

doping the active area using the control gat§ as a mask to form 
source and drain regions in the active area; 

forming a first insulating layer above and adjadtent to the control 

gate; 
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lexposing a top portion of the control gate without 
photolithographic masking; and 

forming a word line contacting the exposed top portion of the 
control gate, sucn^that the word line is self aligned to the control gate. 



163. 



The metrtod of claim 162, further comprising: 
forming a Blocking layer above the gate layer; 
patterning th*g blocking layer during the step of patterning the 



gate layer; 



forming sidewall\spacers adjacent to the control gate and the 
blocking layer sidewalls. 



164. The method of claim 1^6G, wherein: 

the blocking layer comprises a different material than a material 
of the sidewall spacers and a material of the control gate; 

the step of exposing the toptaortion of the control gate 
comprises planarizing the first insulating layer to expose the blocking layer 
and selectively removing the blocking layer frWn between the sidewall 
spacers to form a gate contact via; and 

the step of forming a word line comprises depositing the word 
line over the first insulating layer and in the gate coritact via, such that the 
portion of the word line in the gate contact via forms^a top portion of the 
control gate. 



165. The method of claim 162, wherein the word tine is formed on 
the first insulating layer such that the word line has a substantially planar 
upper surface. 
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L66. 

comprises 
and 



The method of claim 162, wherein: 
the step of exposing the top portion of the control gate 
planarizing the first insulating layer to expose the control gate; 



/herein the step of forming a word line comprises depositing 
the word line o\er the first insulating layer, such that it contacts the exposed 
control gate. 



167. The method of claim 162, wherein: 

the step of providing the active area comprises forming a 
polysilicon active layer ewer an interlayer insulating layer; 

the step of farming the charge storage region comprises forming 
an ONO dielectric film or an\ir€3Slating layer containing conductive 
nanocrystals; and 

the step of forming the word line comprises depositing at least 
one conductive layer over the firs! insulating layer and the exposed control 
gate, forming a first photoresist ma§k on the at least one conductive layer, 
and etching the at least one conductlVe layer to form the word line. 



168. The method of claim 167, farther comprising etching the active 
area and the charge storage region using tne word line as a mask, such that 
the word line is self aligned to an EEPROM channel and the charge storage 
region. 



169. The method of claim 168, further comprising: 

forming sidewall spacers adjacent to tne control gate sidewalls; 
forming a metal layer over the control ga\^, the sidewall spacers 
and the doped source and drain regions; 
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:nJ5 



seating the metal layer to form metal silicide regions over the 
source and drana regions; and 

selectively removing the metal layer from the sidewall spacers. 

170, The metrbd of claim 169, wherein: 

the doped source and drain regions and the silicide regions 
comprise bit lines which extend substantially perpendicular to a source- 
channel-drain direction; anc 

the word line ex\ends substantially parallel to the source- 
channel-drain direction. 

171. The method of claim \70, wherein the step of forming a 
polysilicon active layer comprises: 

forming an amorphous si^con layer or a polysilicon layer; 

heating the EEPROM after terming the metal layer to 
recrystallize the amorphous silicon layer o\the polysilicon layer using the 
metal layer as a catalyst. 



172. The method of claim 162, wherei\the EEPROM is formed using 
20 two photolithographic masking steps. 



25 



173. A method of making an EEPROM, comprising: 
providing a semiconductor active area; 
forming a tunnel dielectric layer over the active area; 
forming a conductive gate layer over the tun\el dielectric layer; 
patterning the gate layer to form a floating ga^ overlying the 
tunnel dielectric layer; 



-146- 



Attorney Dock 



mber 35905/104 




Joping the active area using the floating gate as a mask to form 
source and drakn regions in the active area; 

forming sidewall spacers adjacent to the floating gate sidewalls; 
formiirg a first insulating layer above and adjacent to the 
sidewall spacers and\above the source and drain regions; 

forming a^control gate dielectric layer over the floating gate; and 
forming a wprd line over the control gate dielectric and over the 
first insulating layer. 



ao 



35 



20 



25 



174. The method of claim 173, further comprising: 
forming a blocking^tStomr above the gate layer, where the 

blocking layer comprises a differed material than a material of the sidewall 
spacers and a material of the gate l\yer; 

patterning the blocking l\yer during the step of patterning the 

gate layer; 

forming the sidewall spacers\such that they are located adjacent 
to the blocking layer sidewalls in addition t\ being formed adjacent to the 
floating gate sidewalls; 

planarizing the first insulating lay&r to expose the blocking layer; 
selectively removing the blocking layer fron\between the sidewall 
spacers to form a gate contact via; 

forming the control gate dielectric in tPte gate contact via; and 

forming a control gate in the gate contact via above the control 
gate dielectric by depositing a portion of the word line ra the gate contact via. 

175. The method of claim 173, further comprising: 
planarizing the first insulating layer to expose a\op portion of 

the floating gate; 
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forming the control gate dielectric over the first insulating layer, 
over the sidewall spacers and over the floating gate; and 

forming the word line over the control gate dielectric such that 
the word line acts ate a control gate of the EEPROM. 

176. The methoaof claim 175, further comprising forming an upper 
portion of the floating gat\which extends vertically and laterally above the 
sidewall spacers. 



177. The method of clainn 176, further comprising forming a 
hemispherical grain silicon upper p\rtion of the floating gate. 



of claim 177\Vi 



178. The method of claim 177\Murther comprising roughening an 
upper surface of the upper portion of thafloating gate. 



179. The method of claim 173, further comprising: 

forming a metal layer over the floating gate, the sidewall spacers 

and the doped source and drain regions; 

heating the metal layer to form metal^ilicide regions over the 

source and drain regions; and 

selectively removing the metal layer fron\the sidewall spacers. 



180. The method of claim 179, wherein: 

the doped source and drain regions and the silfeide regions 
comprise bit lines which extend substantially perpendicular tc^a source- 
channel-drain direction; and 

the word line extends substantially parallel to the sol) 
channel-drain direction. 
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3 81 . A method of forming a nonvolatile memory array, comprising: 
\ forming a semiconductor active layer; 
\ forming a first insulating layer over the active layer; 

\ forming a plurality of gate electrodes over the first insulating 
layer; \ 

doning the active layer using the gate electrodes as a mask to 
form a plurality ot source and drain regions in the active layer, and a plurality 
of bit lines extending substantially perpendicular to a source-drain direction; 

forming\ second insulating layer above and adjacent to the gate 
electrodes and above tlrte source regions, drain regions and the bit lines; 

planarizing tnte second insulating layer; and 

forming a plur^^koiword lines over the second insulating layer 
extending substantially paralleVtqohe source-drain direction. 

1 82. The method of claim \81 , wherein each cell of the memory 
device comprising a gate electrode, aysource, a drain, a channel, a portion of 
a word line and portions of two bit line\, is made using only two 
photolithographic masking steps. 



183. The method of claim 182, further comprising: 

forming sidewall spacers adjacent \> the gate electrode 

sidewalls; 

forming a metal layer over the gate eleMrodes, the sidewall 
spacers, the doped source and drain regions and the ok lines; 

heating the metal layer to form metal silicid\ regions over the 
source and drain regions and the bit lines; and 

selectively removing the metal layer from the sidewall spacers. 
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.184. The method of claim 181, wherein the gate electrodes comprise 
EEPRiSM control gates and the insulating layer comprises an EEPROM charge 
storage legion. 

185. \he method of claim 184, wherein the word lines are self 
aligned to the control gates. 



:J0 



44 



=35 



1 86. The m* 
EEPROM floating gate 
layer. 



hod of claim 181, wherein the gate electrodes comprise 
and the insulating layer comprises a tunnel dielectric 



1 87. The method of 81, wherein the step of forming the word 

lines comprises depositing at lea\t one conductive layer over the second 
insulating layer, forming a first photoresist mask on the at least one 
conductive layer, and etching the at l\ast one conductive layer to form the 
word lines. 



188. The method of claim 187, furthter comprising etching the active 
20 layer and the first insulating layer using the wa^d line as a mask, such that 
the word line is self aligned to a plurality of EEPROM channels located in the 
active layer between the source and drain regions. 



189. The method of claim 181, further comprising forming an 
25 interlayer insulating layer over the word lines and formingW least one 
additional device level of the array over the interlayer insulating layer. 



190. The method of claim 189, further comprising: 
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forming a first via in the second insulating layer extending to a 
first word or cut line; 

forWiing at least one conductive layer; and 

patterning the conductive layer to form a plurality of word lines 
5 or word line contact\ayers and at least one bit line contact layer which 

contacts at least one d(the plurality of the word or bit lines through the first 
via. 

191 . The method of c?laim 1 90, wherein: 

10 the first via extends through the interlayer insulating layer in 

addition to extending through theNgecond insulating layer; and 

>^ patterning the at least \ri§p^fhductive layer comprises forming a 

plurality of word line contact layers in\aRi N + 1st level of the array and 
forming at least one word or bit line contact layer in the Nth level of the 

15 array. 



20 



192. The method of claim 1 89, further\omprising activating the 
doped source and drain regions in a plurality of device levels of the array 
during a same annealing step. 

193. The method of claim 189, further comprisi?kj recrystallizing the 
active layers in a plurality of device levels of the array during a same 
annealing step. 



25 194. The method of claim 1 93, further comprising activating the 

doped source and drain regions in the plurality of device levels of r^e array 
during the same annealing step as the recrystallizing step. 
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A method of making an EEPROM array, comprising: 
providing a semiconductor active area; 

forming a plurality of dummy blocks above the active area; 
doping the active area using the dummy blocks as a mask to 
form source and drain regions in the active area; 

fo\ning an intergate insulating layer above and between the 
dummy blocks; 

planarVing the intergate insulating layer to expose top portions 
of the dummy blocks 

selective!^ removing the dummy blocks from between portions 
of the planarized intergate insulating layer to form a plurality of vias between 
the portions of the interga\effcpsijlating layer; 

forming charge^sl|grrage regions over the active area in the 
plurality of vias; 

forming a conducti\e gate layer over the charge storage regions; 

and 

patterning the conductive gate layer to form a control gate 
overlying the charge storage region. 

1 96. The method of claim 1 95, wherein the charge storage regions 
comprise an ONO dielectric film or an insulau^g layer containing conductive 
nanocrystals. 



197. The method of claim 195, wherein the^charge storage regions 
comprises a floating gate between a tunnel dielectric apd a control gate 
dielectric. 
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J 98. The method of claim 195, wherein the dummy blocks comprise 
PECVBl silicon nitride. 

199. X The method of claim 195, wherein the dummy blocks comprise 
a sacrificial conductive gate and a protective insulating layer. 

200. TheUnethod of claim 199, further comprising forming sidewall 
spacers on sidewarls of the dummy blocks. 

201 . The method of claim 1 95, wherein: 
the active a\ea comprises an amorphous silicon or polysilicon 

layer formed over an interl^^^ipsulating layer; and 

the dummy bloc^\iaterial is deposited at a temperature below 

600 °C. 

202. The method of claim ^P1, further comprising: 
forming a metal layer over the dummy blocks and over exposed 

source and drain regions in the active a\ea; 

annealing the metal layer to \orm silicide regions over the source 
and drain regions; and 

selectively removing unreacted portions of the metal layer 
remaining over the dummy blocks. 



203. The method of claim 202, further composing recrystallizing the 
active area using the silicide regions as a catalyst. 
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i04. The method of claim 202, wherein the silicide regions comprise 
buried Brt lines which extend in a direction substantially perpendicular to a 
source to i^rain direction. 

205. Ae method of claim 204, wherein the step of patterning the 
conductive gate layer comprises forming a plurality of control gates in the 
vias above the chaVje storage regions and forming a plurality of word lines 
above the intergate insulating layer. 

10 206. The methodVf claim 1 95, wherein each charge storage region 

contains a first horizontal p\rtion above the active area in the via, vertical 
portions in the via adjacent tc\th^^tergate insulating layer sidewalls, and a 
second horizontal portion abovefWthe intergate insulating layer. 

15 207. The method of claim r&5, further comprising forming an 

interlayer insulating layer over the EERROM array, and forming at least one 
more EEPROM array above the interlayeV insulating layer. 

208. A method of forming a TFT EElSROM, comprising: 
20 forming a TFT EEPROM comprising an amorphous silicon or a 

polysilicon active layer, a charge storage regionWid a control gate; 

providing a crystallization catalyst in\ontact with the active 

layer; and 

heating the active layer after the step of providing the catalyst 
25 to recrystallize the active layer using the catalyst. 



209. The method of claim 208, further comprising: 
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layer; and 



windows. 



>rming a plurality of crystallization windows above the active 



providing the crystallization catalyst into the crystallization 



210. The method of claim 209, wherein the step of forming the 
plurality of crystallization Vindows comprises: 

forming an instating layer above the TFT EEPROM; and 
patterning the irrsulating layer to simultaneously form 
crystallization window boundary and sidewall spacers. 

21 1 . The method of claim x 2l%>wherein the sidewall spacers are 
formed on a sacrificial gate. \ \ 

21 2. The method of claim 21 1 Afurther comprising: 
removing the sacrificial gate\ and 

forming the charge storage region and the control gate after 
removing the sacrificial gate and after the step of heating. 

213. The method of claim 208, whereir\the catalyst comprises Ni, 
Ge, Mo, Co, Pt, Pd or a silicide thereof. 



214. The method of claim 208, further comprising: 

forming source and drain regions in the active layer; 
forming a metal silicide crystallization catalyst in contact with 
the source and drain regions; and 

recrystallizating the active layer using the me^al silicide as the 
crystallization catalyst. 
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21 5. A method of forming a three dimensional array of TFT EEPROMs 
of clair\208, further comprising: 

forming at least one interlayer insulating layer above the TFT 

EEPROM; ar 

rming a plurality of second TFT EEPROMs over the at least 
one interlayer insulating layer. 



216. The method of claim 215, further comprising recrystallizing 
10 active layers in the TFT^g in a plurality of device levels of the array during a 
same annealing step. 



^*<^ 217. 




The method of ctaftn 216', further comprising activating TFT 
doped source and drain regions%i the plurality of device levels of the array 
15 during the same annealing step askthe recrystallizing step. 



218. An array of semiconductor devices disposed above a substrate, 
20 the array comprising: 

a first plurality of spaced-apart conductors disposed at a first height 
above the substrate in a first direction; and 

a second plurality of spaced-apart rail-stacks disposed at a second height 
in a second direction different from the first direction^ each rail-stack 
25 including: 

a semiconductor film whose first surface is in contact with said 
first plurality of spaced-apart conductors; 
a conductive film; and 
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local charge storage film disposed between a second surface of 



the semiconductor film and the conductive film. 

219. Tne memory array of claim 218, wherein the second plurality of 
spaced-apart raiPstacks are disposed above the first plurality of spaced-apart 
conductors. \ 

220. The menrory array of claim 218 wherein a space between said 
spaced-apart conductorskcontains a planarized deposited oxide material. 

221 . The memory afiray of claim 21 8 wherein said semiconductor film 
comprises polysilicon. v3D 



222. The memory array declaim 221 wherein said polysilicon is P- 
doped. \ 

223. The memory array of clain& 222 wherein said P- doped 
polysilicon includes N + outdiffusion regions at contacting intersections 
between said spaced-apart conductors and\said spaced-apart rail-stacks. 

224. The memory array of claim 218 wherein said local charge 
storage film comprises a charge trapping medium. 



225. The memory array of claim 224 wherena said charge trapping 
medium comprises a dielectric isolated floating gate. \ 

226. The memory array of claim 224 wherein saictaharge trapping 
medium comprises electrically isolated nanocrystals. \ 
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227. The memory array of claim 224 wherein said charge trapping 
mediurX comprises a charge trapping layer of a dielectric stack. 

228. \The memory array of claim 227 wherein said dielectric stack 
comprises an ^O-N-O dielectric stack. 

229. The Vemory array of claim 224 wherein said conductive film 
comprises conductive polysilicon. 

230. The memory array of claim 229 wherein said conductive film 
comprises a film includinc^^^ductive metal. 

231 . The memory array of claim 218 wherein said spaced-apart 
conductors comprise polysilicon^ 

232. The memory array of cteim 231 wherein said spaced-apart 
conductors comprise a film including \ conductive metal. 

233. The memory array of claim Z81 wherein said polysilicon of said 
spaced-apart conductors comprises polysilicbn of a second conductivity type. 

234. The memory array of claim 233 wnferein said polysilicon of the 
second conductivity type is N + doped. \ 

235. The memory array of claim 218 wherein s&id semiconductor film 
comprises polysilicon. X 



-158- 



Attorney Dock 



mber 35905/104 




136. The memory array of claim 235 wherein said first conductivity 
type i^P- doped. 

237. \ The memory array of claim 236 wherein said P- doped 
semiconductor film includes N + outdiffusion regions at contacting 
intersections between said first plurality of spaced-apart conductors and said 
second plurality of spaced-apart rail stacks. 

238. The memory array of claim 218, wherein: 

the first plurality of spaced-apart conductors comprise doped 
polysilicon of a first conductivity type and an adjacent layer comprising a 
metal or a metal silicide; am 

the conductive flU^ comprises doped polysilicon of the first 
conductivity type and an adjacent layer comprising a metal or a metal silicide. 



239. An array of semiconductor devices disposed above a substrate, 
the array comprising: 

a first plurality of spaced-apart co x ^ductors disposed at a first height 
above the substrate in a first direction; anc 

a second plurality of spaced-apart rail-s&cks disposed at a second height 
in a second direction different from the first direction, each rail-stack 
including: 

a semiconductor film whose first surfaced in contact with said 
first plurality of spaced-apart conductors; 
a conductive film; and 

a local charge storage film disposed betwee\a second surface 
of the semiconductor film and the conductive film; 
an isolation film; 
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third plurality of spaced-apart conductors disposed at a third height 
above The isolation film in the first direction; 

a foVth plurality of spaced-apart rail-stacks disposed at a fourth height 
above the isolation film in a second direction different from the first direction, 
5 each rail-staok including: 

a semiconductor film whose first surface is in contact with said 
third plurality of spaced-apart conductors; 
a conductive film; and 

a local change storage film disposed between a second surface of 
10 the semiconductOT film and the conductive film. 




i 



wray of ck 



240. The memory \rray of claim 239, wherein: 

the second plurality of \paced-apart rail-stacks is disposed above a first 
plurality of spaced-apart conductors; 
15 the isolation film is dispose^ above a second plurality of spaced-apart 

rail-stacks; 

the third plurality of spaced-api^t conductors is disposed above the 
isolation film; 

the fourth plurality of spaced-apart \ail-stacks is disposed above the third 
20 plurality of spaced-apart conductors. 



241 . The memory array of claim 239 wherein a space between said 
spaced-apart conductors contains a planarized deposited oxide material. 



25 242. The memory array of claim 239 wherei\said semiconductor 

films comprise P- doped polysilicon. 
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I-3. The memory array of claim 242 wherein said P- doped 
polysilic\n includes N + outdiffusion regions at contacting intersections 
between s^id spaced-apart conductors and said spaced-apart rail-stacks. 

244. T\e memory array of claim 239 wherein said local charge 
storage films comprise a charge trapping medium. 



245. The memory array of claim 244 wherein said charge trapping 
medium comprises a dielectric isolated floating gate. 

246. The memory Vr|ft^£ claim 244 wherein said charge trapping 
medium comprises electrical\^glated nanocrystals. 

247. The memory array c\claim 244 wherein said charge trapping 



medium comprises a charge trapping layer of a dielectric stack 




wherein said dielectric stack 



248. The memory array of clai 
comprises an O-N-O dielectric stack. 



249. The memory array of claim 244 yvherein said conductive films 
comprise conductive polysilicon. 




250. The memory array of claim 249 wherein said conductive films 
comprise a film including a conductive metal. 



251 . The memory array of claim 239 wherein sai\ spaced-apart 
conductors comprise polysilicon. 
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^52. The memory array of claim 251 wherein said spaced-apart 
conductors comprise a film including a conductive metal. 

253. ^~he memory array of claim 251 wherein said polysilicon of said 
spaced-apart conductors comprises polysilicon of a second conductivity type. 

254. The nrcmory array of claim 253 wherein said polysilicon of the 
second conductivity wpe is N + doped. 

255. The memoryWray of claim 239 wherein said semiconductor 
films comprise polysilicon. 

256. The memory array\f "claim 255 wherein said semiconductor film 
polysilicon is P- doped. 



257. The memory array of claim 256 wherein said P- doped 
semiconductor films include N + outdiffusion regions at contacting 
intersections between said first plurality of^spaced-apart conductors and said 
second plurality of spaced-apart rail stacks. 




258. The memory array of claim 239, wherein: 

the first and the third plurality of spaced^part conductors comprise 
doped polysilicon of a first conductivity type and an\^ljacent layer comprising 
a metal or a metal silicide; and 

the conductive film comprises doped polysiiicor^of the first 
conductivity type and an adjacent layer comprising a metal\r a metal silicide. 
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559. A memory array disposed above a substrate, the array 
comprising: 

a firs^plurality of first spaced-apart rail-stacks disposed at a first height 
above the substrate in a first direction, each first rail-stack including: 
a conductive film; 

a local\harge storage film disposed above the conductive film; and 
a semico\ductor film disposed above the local charge storage film; 
a second plurality of spaced-apart conductors disposed at a second 

height above said first freight in a second direction different from the first 

direction; and 

a third plurality of seco^dspaced-apart rail-stacks disposed at a third 
height above the second heigl^m the first direction, each second rail-stack 
including: 

a semiconductor film; 

a local charge storage film\lisposed above the semiconductor film; 

and 

a conductive film disposed aboVe the local charge storage film. 



260. The memory array of claim 25£*^wherein the second plurality of 
20 spaced-apart conductors contact the semiconductor films in the first and the 

third rail stacks. 

261 . The memory array of claim 260, whereiiVthe second plurality of 
spaced-apart conductors contact doped source or drain\egions in the 

25 semiconductor films in the first and the third rail stacks. 



262. A memory array disposed above a substrate, the^array 
comprising: 
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a first plurality of spaced-apart rail-stacks disposed at a first 
height above trte substrate in a first direction, each rail-stack including a 
conductive film, aJocal charge storage film disposed above the conductive 
film and a semiconouctor film disposed above the local charge storage film; 
and \ 

a first plurality of spaced-apart conductors disposed at a second 
height above the first height in a second direction different from the first 
direction, said spaced-apamconductors overlying regions of the 
semiconductor film that contain impurities, the regions forming an electrical 
connection between the spaceSl-apart conductors and the local charge 
storage film. \ 

v 

263. The memory array of claim 262, further comprising: 

a third plurality of spaced-apart rail-stacks disposed at a third height 
above the second height in the first direction, each rail-stack including a 
conductive film, a local charge storage film disposed above the conductive 
film, and a second semiconductor film disposed above the local charge 
storage film; and \ 

a fourth plurality of spaced-apart conductors disposed at a fourth 
height above the third height in the second direction, said spaced-apart 
conductors overlying regions of the second semiconductor film that contain 
impurities, the regions forming an electrical connection between the spaced- 
apart conductors and the local charge storage film. \ 

264. The memory array of claim 262 wherein a space between said 
spaced-apart conductors contains a planarized oxide material 
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^65. A memory array disposed above a substrate, the array 
comprising: 

a first plurality of spaced-apart rail-stacks disposed at a first 
height abov&the substrate in a first direction, each rail-stack including a 
conductive filrAand a local charge storage film disposed above the 
conductive film; 

a first\plurality of spaced-apart conductors disposed at a second 
height above the firs\height in a second direction different from the first 
direction, said spaced-apart conductors making contacting intersections with 
said rail stacks so that said spaced-apart conductors directly contact said 
local charge storage films at^^^^ontacting intersections; and 

a semiconductor\ilm disposed between said spaced-apart 
conductors and above said local\pharge storage films in a region about said 
contacting intersections. 

266. The memory array of clai\j 265 wherein a space between said 
spaced-apart conductors contains a planarized oxide material 



267. The memory array of claim 265\vherein said semiconductor film 
20 comprises polysilicon. 

268. The memory array of claim 267 wher\in said polysilicon 
semiconductor film is P- doped. 



25 269. The memory array of claim 268 wherein said P- doped 

polysilicon includes N + outdiffusion regions adjacent said^spaced-apart 
conductors. 
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>70. The memory array of claim 265 wherein said local charge 
storag^ilm comprises a charge trapping medium. 

271 . Vl" he memory array of claim 270 wherein said charge trapping 
medium comprises a dielectric isolated floating gate. 

272. The rr^emory array of claim 270 wherein said charge trapping 
medium comprises electrically isolated nanocrystals. 

273. The memor\array of claim 270 wherein said charge trapping 
medium comprises a charg\traDoing layer of a dielectric stack. 



274. The memory arraApf claim 273 wherein said dielectric stack 
comprises an O-N-O dielectric stack. 

275. The memory array of clajm 270 wherein said conductive film 
comprises conductive polysilicon. 

276. The memory array of claim 27*5 wherein said conductive film 
comprises a film including a conductive metal 

277. The memory array of claim 265 whe^pin said spaced-apart 
conductors comprise polysilicon. 



278. The memory array of claim 277 wherein said spaced-apart 
conductors comprise a film including a conductive metal. 
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2^9. The memory array of claim 277 wherein said polysilicon of said 
spaced-apart conductors comprises polysilicon of a second conductivity type. 

280. ^he memory array of claim 277 wherein said polysilicon of the 
second conductivity type is N + doped. 

281 . The mehnory array of claim 265 wherein said semiconductor film 
comprises polysilicon. 

282. The memory a^ray of claim 281 wherein said semiconductor film 
polysilicon is P- doped. 

283. The memory array oXclaim 282 wherein said P- doped 
semiconductor film includes N + ouKliffusion regions at contacting 
intersections between said first plurality of spaced-apart conductors and said 
second plurality of spaced-apart rail stacks. 

284. The memory array of claim 2ofe, wherein: 
the first plurality of spaced-apart conductors comprise doped 

polysilicon of a first conductivity type and an adjacent layer comprising a 
metal or a metal silicide; 

the conductive film comprises doped poly\ilicon of the first 
conductivity type and an adjacent layer comprising a \ietal or a metal silicide. 



285. The memory array of claim 265, wherein th\array comprises a 
monolithic three dimensional array. 
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\S6. A method for programming a memory cell of a three-dimensional 
array orNMOS memory cells with two bits of information, the array of 
memory ceUs disposed above a substrate and including a first plurality, Z, of 
memory levelte, the z-th memory level including a second plurality, X, of bit 
line conductors\nd a third plurality, Y, of word line conductors, the memory 
cells having a locefl charge storage medium, said method comprising: 

providing a first potential, a second potential and a third 
potential, said first potential being less than said second potential and said 
second potential being less than said third potential; 
10 selecting foKprogramming a memory cell at a location defined 

by wordline y, level z and disposed between bitlines x and x+ 1; 
programming the firs^l^^he two bits by: 

applying said\irst potential to all bitlines less than or 
equal to x on the z-th level; 
15 applying said sec\nd potential to all bitlines greater than x 

on the z-th level; 

applying said third pd^pntial to wordline y on the z-th 

level; and 

applying said first potential to all wordlines other than y 
20 on the z-th level and to all wordlines and bitline§ on levels other than the z-th 
level; and 

programming the second of the two bits 

applying said first potential to all Bitlines greater than x on 

the z-th level; 

25 applying said second potential to all outlines less than or 

equal to x on the z-th level; 

applying said third potential to wordline ^on the z-th 

level; and 
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applying said first potential to all wordlines other than y 
on the z-th level and all wordlines and bitlines on levels other than the z-th 
level. 

5 287. A method of \lairm 286 wherein said second potential is in a 

range of about 3 to about 8 v\lts greater than said first potential. 



10 



m 

I 
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288. A method of claim \87 wherein said third potential is in a 
range of about 9 to about 13 volts greater than said first potential. 

289. A method for programmihgpanaemory cell of a three- 
dimensional array of PMOS memory cells\w$n two bits of information, the 
array of memory cells disposed above a substrate and including a first 
plurality, Z, of memory levels, the z-th memo\y level including a second 
plurality, X, of bit line conductors and a third plurality, Y, of word line 
conductors, the memory cells having a local charge storage medium, said 
method comprising: 

providing a first potential, a second potential and a third 
potential, said first potential being greater than said second potential and said 
second potential being greater than said third potential; 

selecting for programming a memory cell at\a location defined 
by wordline y, level z and disposed between bitlines x and 1 ; 
programming the first of the two bits by: 

applying said first potential to all bitlines less^than or 
equal to x on the z-th level; 

applying said second potential to all bitlines greyer than x 

on the z-th level; 
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applying said third potential to wordline y on the z-th 

le^pl; and 

applying said first potential to all wordlines other than y 
on the Vth level and to all wordlines and bitlines on levels other than the z-th 
5 level; anc 

programming the second of the two bits by: 

applying said first potential to all bitlines greater than x on 

the z-th level; 

jplying said second potential to all bitlines less than or 
10 equal to x on the z-th iWel; 

apply\g said third potential to wordline y on the z-th 

*0$}^ level; and 

applying sMJ^first potential to all wordlines other than y 
on the z-th level and to all wordmges and bitlines on levels other than the z-th 
15 level. 

290. A method of claim 289 v\)faerein said second potential is in a 
range of about 3 to about 8 volts less than^said first potential. 

20 291 . A method of claim 290 wherein said third potential is in a 

range of about 9 to about 1 3 volts less than said wst potential. 



292. A method for reading the contents of a i^emory cell of a three- 
dimensional array of NMOS memory cells with two bits o\information stored 
25 in the memory cell, the array of memory cells disposed above a substrate and 
including a first plurality, Z, of memory levels, the z-th memoiV level including 
a second plurality, X, of bit line conductors and a third plurality, V, of word 
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Jine conductors, the memory cells having a local charge storage medium, said 
jthod comprising: 

providing a first potential, a second potential and a third 
potential, said first potential being less than said second potential and said 
second potential being less than said third potential; 

selecting for reading a memory cell at a location defined by 
wordline y, level z and disposed between bitlines x and x+ 1; 

applying said second potential to all bitlines less than or equal 
to x on the z-th leveh 
10 applyinc)\said first potential to all bitlines greater than x on the 

z-th level; 

applying said^Hta^^btential to wordline y on the z-th level; and 
applying said firkt potential to all wordlines other than y on the 
z-th level and to all wordlines an\bitlines Q n levels other than the z-th level; 
15 and 

applying said second p^Jential to all bitlines greater than x on 

the z-th level; 

applying said first potential \ all bitlines less than or equal to x 
on the z-th level; 

20 applying said third potential to wbrdline y on the z-th level; and 

applying said first potential to all wordlines other than y on the 
z-th level and to all wordlines and bitlines on levels other than the z-th level. 



293. A method of claim 292 wherein said second potential is in a 
25 range of about 50 milivolts to about 3 volts greater than said first potential. 



294. ' A method of claim 293 wherein said third potential is in a 
range of about 1 to about 5 volts greater than said first potential 



-171- 



9 



Attorney DocH^Biumber 35905/104 




!95. A method for reading the contents of a memory cell of a three- 
dimensional array of PMOS memory cells with two bits of information stored 
in the mVnory cell, the array of memory cells disposed above a substrate and 
including eNfirst plurality, Z, of memory levels, the z-th memory level including 
a second plurality, X, of bit line conductors and a third plurality, Y, of word 
line conductorsVthe memory cells having a local charge storage medium, said 
method comprising: 

providing a first potential, a second potential and a third 
10 potential, said first potential being greater than said second potential and said 
second potential being greater than said third potential; 

selecting fo\reading a memory cell at a location defined by 
wordline y, level z and dispo^^Kitween bitlines x and x + 1 ; 

applying said second potential to all bitlines less than or equal 
15 to x on the z-th level; 

applying said first po^ntial to all bitlines greater than x on the 

z-th level; 

applying said third potenti^to wordline y on the z-th level; and 
applying said first potential t<\ali wordlines other than y on the 
20 z-th level and to all wordlines and bitlines on levels other than the z-th 

level; and 

applying said second potential to all^itlines greater than x on 

the z-th level; 

applying said first potential to all bitlines\ess than or equal to x 
25 on the z-th level; 

applying said third potential to wordline y on\he z-th level; and 
applying said first potential to all wordlines oth\r than y on the 
z-th level and to all wordlines and bitlines on levels other than t\e z-th level. 
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286. A method of claim 295 wherein said second potential is in a 
range oNabout 50 milivolts to about 3 volts less than said first potential. 

297. \A method of claim 296 wherein said third potential is in a 
range of about ^o about 5 volts less than said first potential. 

298. A method for erasing the contents of all memory cells 
belonging to a three-dintensional array of NMOS memory cells with two bits 
of information stored perViemory cell, the array of memory cells disposed 
above a substrate and inducing a first plurality, Z, of memory levels, the z-th 
memory level including a secotadjDlurality, X, of bit line conductors and a 
third plurality, Y, of word line conductors, the memory cells having a local 
charge storage medium, said method comprising: 

providing a first potential and a second potential, said first 
potential being less than said second potential; 

applying said second poteVtial to all bitlines; and 
applying said first potential to all wordlines. 

299. A method of claim 298 wherein\aid second potential is in a 
range of about 5 to about 15 volts greater than said first potential. 

300. A method for erasing the contents of all memory cells of a 
three-dimensional array of PMOS memory cells with tw\ bits of information 
stored per memory cell, the array of memory cells disposed above a substrate 
and including a first plurality, Z, of memory levels, the z-th memory level 
including a second plurality, X, of bit line conductors and a third plurality, Y, 
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jf word line conductors, the memory cells having a local charge storage 
lium, said method comprising: 

providing a first potential and a second potential, said first 
potential being greater than said second potential; 

applying said second potential to all bitlines; and 
applying said first potential to all wordlines. 
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301 . A\method of claim 300 wherein said second potential is in a 
range of about 5 t\about 15 volts less than said first potential. 

302. A method for erasing a single bit of a memory cell of a three- 
dimensional array of NMd^ memory cells with two bits of information, the 
array of memory cells dispos^d^^)ve a substrate and including a first 
plurality, Z, of memory levels, 'the z-th memory level including a second 
plurality, X, of bit line conductors^and a third plurality, Y, of word line 
conductors, the memory cells having^a local charge storage medium, said 
method comprising: 

providing a first potential,^ second potential and a third 
potential, said first potential being less thanvor equal to said second potential 
and said second potential being less than saiaVthird potential; 

selecting for erasure a memory storage location of a memory 
cell at a location defined by wordline y, level z and disposed between 
bitlines x and x+ 1, the storage location being adjacent bitline x + 1; 

reading the contents of a memory storage location of a 
memory cell at a location defined by wordline y, level z\and disposed 
between bitlines x+1 and x + 2, the storage location being\djacent bitline 
x+1; 

storing said contents in a memory store; 
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x+1 



applying said first potential to wordline y; 

>lying said second potential to all bitlines other than bitline 



applyrag said third potential to bitline x + 1; 

floating\all wordlines other than wordline y; 

applying \a\d first potential to or floating all bitlines and 
wordlines on levels other tlhan the z-th level; 

retrieving saia contents from said memory store; and 

writing said coMents to said memory storage location of the 
memory cell at the location defmed by wordline y, level z and disposed 
between bitlines x + 1 and x + 2,\he storage location being adjacent bitline 
x+1. 



303. A method of claim 302\y here ' n said second potential is in a 
range of about 0 to about 5 volts greate\than said first potential. 

304. A method of claim 303 wherein said third potential is in a 
range of about 5 to about 15 volts greater tha^n said first potential. 



305. A method for erasing a single bit o\a memory cell of a three- 
dimensional array of PMOS memory cells with two\>its of information, the 
array of memory cells disposed above a substrate ancl including a first 
plurality, Z, of memory levels, the z-th memory level including a second 
plurality, X, of bit line conductors and a third plurality, \\ of word line 
conductors, the memory cells having a local charge storage medium, said 
method comprising: 
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oviding a first potential, a second potential and a third 
potential, said first potential being greater than or equal to said second 
potential and said sfecond potential being greater than said third potential; 

selecting for erasure a memory storage location of a memory 
5 cell at a location define^ by wordline y, level z and disposed between bitlines 
x and x + 1 , the storage legation being adjacent bitline x + 1 ; 

reading the contents of a memory storage location of a 
memory cell at a location defmed by wordline y, level z and disposed 
between bitlines x + 1 and x + 2\the storage location being adjacent bitline 
10 x+1; 

storing said contents\in # amemory store; 



fl^ ^ applying said first pote^f^Tto wordline y; 

applying said second potential to or floating all bitlines other 
than bitline x + 1 ; 
15 applying said third potential ito bitline x+ 1 ; 

floating all wordlines other thara wordline y; 
applying said first potential to all\jpitlines and wordlines on 
levels other than the z-th level; 

retrieving said contents from said memnory store; and 
20 writing said contents to said memory storage location of the 

memory cell at the location defined by wordline y, levAz and disposed 
between bitlines x+1 and x + 2, the storage location bei\g adjacent bitline 
x+1. 

25 306. A method in accordance with claim 305 wherefta said second 

potential is in a range of about 0 to about 5 volts less than said\irst 
potential. 
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3^07. A method in accordance with claim 306 wherein said third 
potentials in a range of about 5 to about 1 5 volts less than said first 
potential. 
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308. \k method for manufacturing a three-dimensional array of TFT 
memory cells, s§id method comprising: 

(a) \disposing an isolation layer over a substrate; 

(b) disposing a first plurality of spaced-apart conductors in a 
first direction over the\solation layer; 

(c) dispdsioeuap insulating layer over said first plurality of 
spaced-apart conductors ^crthereby filling a space between said spaced- 
apart conductors with the ir\ulating material; 

(d) planarizin^the insulating layer to expose the first plurality 
of spaced-apart conductors; 

(e) disposing a secbnd plurality of rail stacks in a second 
direction over and in contact with sard first plurality of spaced-apart 
conductors, said rail stacks including aVirst layer of a semiconductor material 
of a first conductivity type, a second lay\r including a local charge storage 
film, and a third conductive layer. 

309. The method of claim 308, further comprising: 

(f) repeating (a), (b), (c), (d) and\e) a desired number of 
times to form a desired number of levels of TFT rrrfemory cells. 



25 310. The method of claim 308, wherein the\tep of planarizing 

comprises CMP. 
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H 1 . The method of claim 310 # further comprising CMP planarizing 
the isolation layer. 

312. \ The method of claim 308, further comprising: 

(g) outdntfusing source and drain dopants from the first plurality of 
spaced-apart second conductivity type doped polysilicon conductors into the 
first layer of a semiconductor material. 

313. The methvod of claim 312, further comprising repeating (a), (b), 
(c), (d), (e), (f) and (g) a ctesired number of times to form a desired number of 
levels of TFT memory cells^ 

314. A method for manufacturing a three-dimensional array of TFT 
memory cells, said method comprising: 

(a) disposing an isolation layer over a substrate; 

(b) disposing a first plurality of spaced-apart conductors in a 
first direction over the isolation layer; 

(c) disposing rails of localWharge storage film in the first 
direction over and in contact with said first\>lurality of spaced-apart 
conductors; 

(d) disposing a second plurality\)f spaced-apart conductors in 
a second direction over and in contact with the loteal charge storage film, the 
conductors formed of a polysilicon material of a first conductivity type; 

(e) disposing a semiconductor film oAa second conductivity 
type in between ones of said second plurality of spaced-apart conductors; 

(f) disposing an insulating layer over saifil semiconductor film 
and said second plurality of spaced-apart conductors and ^hereby filling a 
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)ace between said second spaced-apart conductors with the insulating 
ma^prial; and 

(g) planarizing the insulating layer. 




The method of claim 314, further comprising: 
(h) repeating (a), (b), (c), (d), (e), (f) and (g) a desired number 
of times to forrfoa desired number of levels of TFT memory cells. 

316. A method for manufacturing a three-dimensional array of TFT 
memory cells, said method comprising: 

(a) disp^sir^^T isolation layer over a substrate; 

(b) disposing a first plurality of spaced-apart conductors in a 
first direction over the isolation layer; 

(c) disposing artfirst local charge storage film over the first 
plurality of spaced-apart conduct* 

(d) disposing a first\ayer of a semiconductor material of a 
first conductivity type over said local \harge storage film; 

(e) disposing a second plurality of spaced-apart conductors 
formed of a doped semiconductor materiaPof a second conductivity type in a 
second direction over the first layer of semiconductor material; 

(f) disposing an insulating laye\pver said second plurality of 
spaced-apart conductors and thereby filling a spa&e between said second 
spaced-apart conductors with the insulating material- 

(g) planarizing to expose said second ^paced-apart 

conductors; 

(h) disposing a second layer of a semiconductor material of a 
first conductivity type over said second spaced-apart conductors; 
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(fli disposing a second local charge storage film over the 
second layer of semiconductor material; 

(j) disposing a first plurality of spaced-apart conductors in 
the first direction oveVthe second local charge storage film; and 

(k) forming outdiffusion regions in said first and second 
layers of semiconductor material of the first conductivity type at intersections 
between said layers and sard spaced-apart conductors. 



10 



31 7. The method of maim 316, further comprising: 
(I) repeating (c), (d), (e),\f), (g), (h), (i), (j) and (k) a desired number of 
times to form a desired number oftlevels of TFT memory cells. 



318. A method for manufact^rl^ an array of TFT memory cells, 
said method comprising: 
15 disposing an isolation layei\pver a substrate; 

disposing a first plurality of rail-stacks in a first direction over 
the isolation layer, said rail-stacks including ^conductive film layer, a local 
charge storage film layer disposed over said conductive film layer, and a , 
semiconductor film layer of a first conductivity t\pe disposed over said local 
20 charge storage film layer; 

disposing an oxide layer over said rail\stacks; 
masking the oxide layer; 
etching the oxide layer; 
removing the mask; 

25 implanting impurities of the second conductVity type through 

apertures etched in the oxide layer and into the semiconducTOr film layer; 
depositing a conductive film into said aperture;^pnd 
planarizing the conductive layer. 
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i 9. A method for manufacturing an array of TFT memory cells, 
said method comprising: 

disposing an isolation layer over a substrate; 
disposing a layer of amorphous silicon of a first conductivity 
type over said\iso!ation layer; 

l\posing a silicon nitride CMP stop layer over said amorphous 

silicon layer; 

masking the silicon nitride layer; 

etching \pertur§# defined by the masking into said isolation 

layer; 

depositing a\pnductive layer of a semiconductor material of 
the second conductivity type Mo and over the apertures; 

planarizing said conductive layer to said CMP stop layer; 
disposing a local change storage film over said CMP stop layer; 

and 

disposing a conductive fftm over said charge storage film. 



320. A memory array disposed abo\e a substrate, the array 
20 comprising: 

an insulator layer; 

a first plurality of spaced-apart conductors disposed in the 
insulator layer in a first direction; 

semiconductor regions of a first conductivity type disposed 
25 between and in contact with adjacent areas of said spaced^part conductors; 
and 

a second plurality of spaced-apart rail-stacks disposed in a 
second direction above and in contact with the first plurality of spaced-apart 
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conductors,\each rail-stack including a local charge storage film and a 
conductive film disposed above the local charge storage film. 

321 . TheVnemory array of claim 320 wherein said semiconductor 
film comprises polysrljcon. 

322. The memory array of claim 321 wherein said polysilicon is P- 
doped. 

323. The memory array of claim 322 wherein said P- doped 
polysilicon includes N + outdiffusion regions at contacts between said 
spaced-apart conductors and said^^^conductor regions. 

324. The memory array of claim 320 wherein said local charge 
storage film comprises a charge trapping medium. 

325. The memory array of claim 3k24 wherein said charge trapping 
medium comprises a dielectric isolated floating gate. 

326. The memory array of claim 324 therein said charge trapping 
medium comprises electrically isolated nanocrystaTs. 

327. The memory array of claim 324 where?h said charge trapping 
medium comprises a charge trapping layer of a dielectriestack. 

328. The memory array of claim 327 wherein saia^dielectric stack 
comprises an O-N-O dielectric stack. 
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3X9. The memory array of claim 324 wherein said conductive film 
comprises conductive polysilicon. 

330. \ The memory array of claim 329 wherein said conductive film 
5 comprises a filrfUncluding a conductive metal. 

331 . The rftemory array of claim 320 wherein said spaced-apart 
conductors comprise polysilicon. 



10 332. The memor\array of claim 331 wherein said spaced-apart 

conductors comprise a film including a conductive metal. 

w 

333. The memory array^ST claim 331 wherein said polysilicon of 
said spaced-apart conductors conrrprises polysilicon of a second conductivity 
15 type. 



334. The memory array of claUjp 333 wherein said polysilicon of the 
second conductivity type is N + doped. 

20 335. The memory array of claim 32^ wherein said semiconductor 

film comprises polysilicon. 



25 



336. The memory array of claim 335 wherein said first conductivity 
type is P-. 

337. The memory array of claim 320, further comprising: 
an isolation film disposed over said second plurality of spaced- 
apart rail-stacks; \ 
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aVhird plurality of spaced-apart conductors disposed in the 
isolation film in tmB first direction; 

a plurality of semiconductor regions of the first conductivity 
type disposed between and in contact with adjacent ones of said spaced- 
apart conductors; and 

a fourth plurality of spaced-apart rail-stacks disposed in the 
second direction above anaun contact with the third plurality of spaced-apart 
conductors, each rail-stack irtaluding a local charge storage film and a 
conductive film disposed above the local charge storage film. 



338. A TFT CMOS, composing: 
a gate electrode; 

a first insulating layer adsjSlj^fft to a first side of the gate 

electrode; 

15 a first semiconductor layer paving a first conductivity type 

disposed on a side of the first insulating layer opposite to the gate electrode; 

first source and drain regions o\a second conductivity type 
disposed in the first semiconductor layer; 

first source and drain electrodes in\contact with the first source 
20 and drain regions and disposed on a side of the f\st semiconductor layer 
opposite to the first insulating layer; 

a second insulating layer adjacent to a Second side of the gate 

electrode; 

a second semiconductor layer having a sedond conductivity type 
25 disposed on a side of the second insulating layer opposite^ to the gate 
electrode; 

second source and drain regions of a first conductivity type 
disposed in the second semiconductor layer; and 



-184- 



Attorney Dock 



mber 35905/104 




5cond source and drain electrodes in contact with the second 
source and dram regions and disposed on a side of the second semiconductor 
layer opposite to\the second insulating layer. 



10 



15 



20 



25 



339. The TFT CMOS of claim 338, further comprising: 
a semiconductor substrate; 

an interlay^r insulating layer between the substrate and the TFT 

CMOS; 

a first planar Insulating filler layer disposed between the first 
source and drain electrodes\and 

a first planar insulating filler layer disposed between the second 
source and drain electrodes. 



vY 



340. The TFT CMOS of claim 339, wherein: 

the first source and drain electrodes comprise second 
conductivity type polysilicon rails whiqh extend above the interlayer insulating 
layer in a first plane; 

the first semiconductor layefs^omprises a polysilicon layer which 
extends above the first source and drain electrodes in a second plane; 

the gate electrode comprises a Wst polysilicon layer of a second 
conductivity type, a silicide layer over the firsApolysilicon layer and a second 
polysilicon layer of a first conductivity type aboVe the silicide layer, wherein 
the gate electrode extends above the first insulating layer in a third plane; 

the second semiconductor layer comprises a polysilicon layer 
which extends above the gate electrode in a fourth piane; 

the second source and drain electrodes cotpnprise first 
conductivity type polysilicon rails which extend above tf\p second 
semiconductor layer in a fifth plane; and 
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/herein the first through the fifth planes do not overlap. 

341 . TheVFT CMOS of claim 340, wherein: 

the gate electrode, the first insulating layer, the first 
semiconductor layerXthe second insulating layer and the second 
semiconductor layer comprise a rail stack which extends perpendicular to the 
first and to the second \ource and drain electrodes in a plane parallel to the 
substrate; and 

the gate electPbde, the first insulating layer, the first 
semiconductor layer, the second insulating layer and the second 
semiconductor layer are aligned in a plane perpendicular to the substrate and 
parallel to a source to drain direct 

342. The TFT CMOS of clairA340, further comprising: 
a first charge storage regi\n which includes the first insulating 

layer; and 

a second charge storage regio\ which includes the second 
insulating layer. 



343. The TFT CMOS of claim 342, wherein: 

the first charge storage region comprises an O-N-O stack, 

isolated nanocrystals or a floating gate between the \rst insulating layer and 

a control gate dielectric; and 

the second charge storage region comprise^an O-N-0 stack, 

isolated nanocrystals or a floating gate between the first insulating layer and 

a control gate dielectric. 
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w344. The TFT CMOS of claim 340, wherein the first insulating layer 
comprises a portion of a charge storage region while the second insulating 
layer doesNaot comprise a portion of a charge storage region. 

5 345. AVionolithic three dimensional array comprising a plurality of 

device levels vertically separated by one or more interlayer insulating layers, 
wherein each device^level contains a plurality of TFT CMOS devices of claim 
344. 

10 346. An array of semiconductor devices disposed above a substrate, 

the array comprising: 

a first plurality of ^paced-apart conductors disposed at a first 
height above the substrate in a fir^st direction; 




a second plurality of spaced-apart rail-stacks disposed at a 
15 second height above the first height irt a second direction different from the 
first direction, each rail-stack including: 

a first semiconductor film of \ first conductivity type containing 
a plurality of source and drain regions of a second conductivity 
type in contact with said first plurality of spaced-apart conductors; 
20 a first local charge storage film disposed above the first 

semiconductor film; \ 

\ 

a gate line disposed above the first loca\charge storage film; 
a second local charge storage film disposed above the gate line; 
a second semiconductor film of a second conductivity type 
25 containing a plurality of source and drain regions of \ first conductivity 

type; and 

a third plurality of spaced-apart conductors contacting the 
source and drain regions of a first conductivity type, wherein tfrnthird 
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pluralW of spaced-apart conductors are disposed at a third height above the 
second plurality of spaced-apart rail-stacks. 

347. Vhe array of claim 346, wherein a space between said spaced- 
5 apart conducto^ contains a planar deposited insulating layer. 

348. The artay of claim 347 wherein said first and second 
semiconductor films comprise polysilicon layers. 



10 349. The array of\laim 348, wherein said first and second charge 

storage films comprise a charge trapping medium. 



20 




350. The array of claimx^49, wherein said charge trapping medium 
comprises a dielectric isolated floating gate, electrically isolated nanocrystals, 
15 or O-N-O dielectric stack. 




351 . The array of claim 350, wherein the gate line comprises a first 



polysilicon layer of a second conductivityXtype adjacent to the first charge 



storage film, a silicide layer over the first polysilicon layer and a second 
polysilicon layer of a first conductivity type alcove the silicide layer adjacent 
to the second charge storage film. 



352. The array of claim 351, wherein: 

said first plurality of spaced-apart conductors comprise 
25 polysilicon layers of a second conductivity type; and 

said third plurality of spaced-apart conductors^pomprise 
polysilicon layers of a first conductivity type. 
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>3. The array of claim 352, wherein said plurality of first and third 
spaced-ap^rt conductors further comprise a metal or silicide layer. 

354. \he array of claim 353, wherein the source and drain regions of 
5 a second conductivity type comprise outdiffusion regions. 



10 



355. The aVay of claim 346, wherein a TFT EEPROM CMOS device is 
formed at each intersection of the first and the third spaced-apart conductors 
and the gate line. 

356. A monolithic ?hree dimensional array comprising a plurality of 
device levels vertically separated by one or more interlayer insulating layers, 
wherein each device level contains the array of claim 346. 



15 357. The array of claim 35(\ wherein the array comprises three or 

more device levels. 

358. The array of claim 357, furtHfer comprising a driver circuit 
arranged in the substrate below the array arr^ at least in partial vertical 
20 alignment with the array. 



25 



359. The array of claim 358, wherein: 

the charge storage film comprises at lea^t one insulating layer 
capable of storing charge; and 

the driver circuit is adapted to provide a sufftcient voltage 
between a spaced apart conductor and a gate line in a sanrte device level to 
form a conductive link between the conductor and the gate nne. 
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The array of claim 359, wherein at least one conductive link is 
formed be\ween at least one conductor and at least one gate line. 



361. 

5 logic circuit 




array of claim 360, wherein the array comprises at least one 



362. The array of claim 361 , wherein the at least one logic circuit 
comprises an inverter or a NAND gate. 



10 363. The array of ci^im 360, wherein the array comprises a static 

random access memory. 



15 



20 



364. A circuit comprising plurality of charge storage devices and a 
plurality of antifuse devices. 

365. The circuit of claim 364, V^herein the plurality of charge storage 
devices and the plurality of antifuse devrfces comprise a same set of devices 
which function as charge storage devices when a first programming voltage 
is applied to the devices and which function^as antifuses when a second 
programming voltage higher than a first voltage is applied to the devices, 
which is sufficient to form a conductive link through a charge storage region. 



366. The circuit of claim 365, wherein the gntifuse devices comprise 
devices in which a conductive link has been formed though the charge 
25 storage region of the charge storage device. 



367. The circuit of claim 365, wherein the charge Vtorage devices 
comprise semiconductor diodes containing a charge storage\region. 
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ijB. The circuit of claim 367, wherein: 

the diodes comprise polysilicon or amorphous silicon diodes 
arranged in aVthree dimensional monolithic array containing at least three 
device levels Separated by interlayer insulating layers, the array being 
disposed above\ substrate; and 

the charge storage region comprises a stack of insulating layers 
located between p-ooped and n-doped regions of the diodes or adjacent to 
the p-doped or n-doped regions of the diodes. 

369. The circuit \f claim 365, wherein the charge storage devices 
comprise EEPROM transistors. 



370. The circuit of claim 369, wherein: 
15 the transistors comprise polysilicon or amorphous silicon thin 

film transistors arranged in a three-dimensional monolithic array containing at 
least three device levels separated b\ interlayer insulating layers, the array 
being disposed above a substrate; and> 

the charge storage region comprises a stack of insulating layers 
20 located between a channel and a control gVte of the thin film transistors. 



371 . The circuit of claim 370, wherein\at least one device level of the 
three dimensional monolithic array comprises: 

a first plurality of spaced-apart conductors disposed at a first 
25 height above the substrate in a first direction; and 

a second plurality of spaced-apart rail-stafcks disposed at a 
second height in a second direction different from the frest direction, each 
rail-stack including a semiconductor film in contact with skid first plurality of 
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spaced-abart conductors, a local charge storage film disposed above the 
semiconductor film and a conductive film disposed above the local charge 
storage film: 



10 



372. Tha circuit of claim 365, further comprising a driver circuit 
which is adapted to provide the first programming voltage to a first set of 
charge storage devices to turn the first set of charge storage devices off by 
increasing a thresholdVoltage of the first set of charge storage devices and 
to provide the second programming voltage to a second set of charge storage 
devices to form a conducw/e link through the charge storage region of the 
second set of charge storag^ devices to convert the second set of charge 
storage devices to antifuse d^/ices. 



373. The circuit of claim 3\72, wherein the circuit comprises a field 
15 programmable gate array or a programmable logic device. 

374. The circuit of claim 373, wherein the circuit is programmed to 
function as an inverter, a NAND gate or ari SRAM. 

20 375. The circuit of claim 373, whereir\an area per logic gate in the 

circuit is 4(F(x + 1 )) 2 to 5(F(x + 1 )) 2 , where F is tf\e minimum feature size and 
x is the number of inputs on the logic gate. 



376. A method of programming a circuit, comprising: 
25 providing a circuit comprising a plurality of\harge storage 

devices; 
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applying a first programming voltage to a first set of charge 
storage devices\o turn the first set of charge storage devices off by 
increasing a threshold voltage of the first set of charge storage devices; and 

applying a second programming voltage to a second set of 
charge storage device\to form a conductive link through a charge storage 
region of the second seikof charge storage devices to convert the second set 
of charge storage devices^to antifuse devices. 

377. The method of \laim 376, wherein the first and the second sets 
10 of charge storage devices conWise the same charge storage devices. 

378. The method of claim^377, wherein the charge storage devices 
comprise semiconductor diodes containing a charge storage region. 

15 379. The method of claim 378\wherein: 

the diodes comprise polysilfeon or amorphous silicon diodes 

arranged in a three dimensional monolithic\array containing at least three 

device levels separated by interlayer insulating layers, the array being 

disposed above a substrate; and 
20 the charge storage region compridles a stack of insulating layers 

located between p-doped and n-doped regions o\the diodes or adjacent to 

the p-doped and n-doped regions of the diodes. 

380. The method of claim 379, wherein the charge storage devices 
25 comprise EEPROM transistors. 



381 . The method of claim 380, wherein: 
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tfi^ transistors comprise polysilicon or amorphous silicon thin 
film transistors aVanged in a three dimensional monolithic array containing at 
least three device revels separated by interlayer insulating layers, the array 
being disposed aboxre a substrate; and 

the charge storage region comprises a stack of insulating layers 
located between a charrtiel and a control gate of the thin film transistors. 

382. The method o\claim 376, wherein the circuit is programmed to 
function as a logic gate. 

383. The method of clai^n 376, wherein the circuit is programmed to 
function as a static random access^ memory. 



384. A semiconductor device comprising: 
15 a semiconductor active reckon; 

a charge storage region adja\ent to the semiconductor active 

region; 

a first electrode; and 
a second electrode; 

20 wherein charge is stored in the cha\ge storage region when a 

first programming voltage is applied between the \irst and the second 
electrodes, and a conductive link is formed througntthe charge storage region 
to form a conductive path between the first and the Second electrodes when 
a second programming voltage higher than the first voltage is applied 

25 between the first and the second electrodes. 

385. The device of claim 384, wherein the first programming voltage 
turns the device off by increasing a threshold voltage of the \levice. 
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J6. The device of claim 384, wherein the device comprises a 
semiconductor diode containing the charge storage region. 



10 



387. \he device of claim 386, wherein: 

diode comprises a polysilicon or an amorphous silicon diode 
arranged in a thr&e dimensional monolithic array containing at least three 
device levels separated by interlayer insulating layers, the array being 
disposed above a su\strate; and 

the charg^ storage region comprises a stack of insulating layers 
located between p-dopecl and n-doped portions of the semiconductor active 
region of the diode or adjacent to the p-doped or n-doped portions of the 
semiconductor active region\of the diode. 



15 388. The device of clain\385, wherein the device comprises an 

EEPROM transistor. 



389. The device of claim 388\wherein: 

the semiconductor active region of the transistor comprises a 
20 polysilicon or an amorphous silicon thin film disposed on an insulating layer; 

the transistor is arranged in a\hree dimensional monolithic array 
containing at least three device levels separated by interlayer insulating 
layers, the array being disposed above a substrate; and 

the charge storage region comprises a stack of insulating layers 
25 located between a channel in the semiconductor \ctive region and a control 
gate of the transistor. 
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). The device of claim 384, wherein the device is arranged in a 
field programmable gate array or in a programmable logic device. 



10 



15 



20 



25 



391 . A Viethod of making an array of semiconductor devices disposed 
above a substrate^ comprising: 

forming a first plurality of spaced-apart conductors disposed at a 
first height above the^substrate in a first direction; 

forming a\irst insulating layer over and between the first 

conductors; 

planarizing th\insulating layer to expose the first conductors; 

forming a stack\pf layers comprising a first semiconductor layer 
of a first conductivity type in contact with said first plurality of spaced-apart 
conductors, a first local charge storage film disposed above the first 
semiconductor layer, a gate line disposed above the first local charge storage 
film, a second local charge storage fWi disposed above the gate line and a 
second semiconductor layer of a Seconal conductivity type above the second 
local charge storage film; 

patterning the stack of layers\o form a second plurality of 
spaced-apart rail-stacks disposed at a secon<a height above the first height in 
a second direction different from the first direction; 

forming a second insulating layer aBrove and between the rail 



stacks; 



planarizing the second insulating layer; 
forming a plurality of trenches in the secorid insulating layer; 

3 and 



forming a conductive layer in the trenches 
insulating layer; and 



\ 



over the second 



-196- 



Attorney Doc 



M 

kHun 



umber 35905/104 




planarizing the conductive layer to form a third plurality of 
spaced-apart conductors disposed at a third height above the second plurality 
of spaced-apart ngil-stacks. 

5 392. The method of claim 391 wherein said first and second 

semiconductor layers\pomprise polysilicon layers. 



10 



393. The method of claim 392, wherein said first and second charge 
storage films comprise a charge trapping medium. 

394. The method of \laim 393, wherein said charge trapping medium 
comprises a dielectric isolated i^oating gate, electrically isolated nanocrystals, 
or O-N-O dielectric stack. 



15 



20 



395. The method of claim 395, wherein the gate line comprises a 
first polysilicon layer of a second conductivity type adjacent to the first 
charge storage film, a silicide layer overi the first polysilicon layer and a 
second polysilicon layer of a first conductivity type above the silicide layer 
adjacent to the second charge storage filr 

396. The method of claim 391, furthest comprising outdif fusing 
dopants of a second conductivity type from the^first conductors into the first 
semiconductor layer to form source and drain regions. 



25 397. The method of claim 391, further comprising implanting ions of 

a first conductivity type into the trenches to form source and drain regions in 
the second semiconductor layer. 
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)8. The method of claim 391, further comprising forming sidewall 
spacers o\rail stack sidewalls prior to forming the second insulating layer. 

399. lyne method of claim 391 , wherein the second plurality of rail 
5 stacks are disposed perpendicular to the first and the third plurality of spaced 
apart conductors. 

400. The methoclof claim 391, further comprising monolithically 
forming a plurality of additional device levels of the array to form a three 
10 dimensional monolithic array having at least three device levels. 

401 . A flash memory a\ay disposed above a substrate, the array 
comprising: 

a first plurality of spaS^d-apart conductive bit lines disposed at a 
15 first height above the substrate in a ftrst direction; and 

a second plurality of spacad-apart rail-stacks disposed at a 
second height in a second direction different from the first direction, each 
rail-stack including: 

a plurality of semiconductor isla\ds whose first surface is in 
20 contact with said first plurality of space\apart conductive bit lines; 

a conductive word line; and 

charge storage regions disposed betvJteen a second surface of 
the semiconductor islands and the word line. 



25 402. The array of claim 401, wherein said semiconductor islands 

comprise polysilicon of a first conductivity type. 
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4B^3. The array of claim 402, wherein said polysilicon islands include 
outdiffusiota source and drain regions of a second conductivity type at 
contacting intersections between said spaced-apart conductive bit lines and 
said spaced-apart rail-stacks. 
5 \ 

404. The\rray of claim 403, wherein said spaced-apart conductive 
bit lines comprise polysilicon of the second conductivity type in contact with 
the source and drain regions. 

10 405. The array o\ claim 404, further comprising a metal or a metal 

silicide layer in contact witlVthe bit lines. 

406. The array of clairrk401, wherein a space between said spaced- 
apart conductive bit lines contains^ a planarized insulating material. 



15 



407. The array of claim 406,\yherein the charge storage regions 
comprise a dielectric isolated floating g\te, electrically isolated nanocrystals 
or an O-N-O dielectric stack. 



20 408. The array of claim 407, wher&n: 

the charge storage regions comprise a floating gate between a 
tunnel dielectric and a control gate dielectric- 
lateral sides of the tunnel dielectric aVid the floating gate are 
aligned to lateral sides of the semiconductor islands^ and 
25 the control gate dielectric extends between the semiconductor 

islands and contacts the planarized insulating material Between the 
semiconductor islands. 
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409. The array of claim 407, wherein the charge storage region 
comprised a floating gate made from hemispherical grain polysilicon with a 
textured surface located between a tunnel dielectric and a control gate 
dielectric. 

5 

410. Th\ array of claim 401, wherein the word line comprises a 
polysilicon layer of a second conductivity type and a metal or a metal silicide 
layer in contact with the polysilicon layer. 

10 411. The arra% of claim 401 , wherein the rail stacks are disposed 

above the bit lines. 

41 2. The array of \a\m 401 , wherein the rail stacks are disposed 
below the bit lines. 

15 

413. The array of claim 4£>1, wherein the word line and the charge 
storage region are offset apart fronp drain regions in the semiconductor 
islands. 

20 414. The array of claim 413, wfWein an insulating layer is located 

between the semiconductor islands and me word lines in an offset region. 



25 



41 5. The array of claim 401 , whereir\the semiconductor islands are 
located at an intersection of the rail stacks and\the bit lines. 

41 6. The array of claim 41 5, wherein TFTl EEPROMs are formed at 
the intersections of the rail stacks and the bit linesA 
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The array of claim 41 6, further comprising access transistors 
located at fyie intersections of the rail stacks and bit lines. 




418. The array of claim 417, wherein: 

theksemiconductor islands contain adjacent channel regions of 
the access transistor and the EEPROM between common source and drain 
regions; 

the wor^lines form control gates of the EEPROMs and gate 
electrodes of the access transistors; 

a first insulating layer forms a common control gate dielectric of 
the EEPROMs and a gate insulating layer of the access transistors; and 

a floating gate^nd a tunnel dielectric are located between the 
word lines and the channel region of the EEPROMs. 



15 419. The array of claim 4^6, wherein an EEPROM cell in the array is 

programmed when its source bit linens grounded, its drain bit line either 
floats or is grounded, and a high posit\/e voltage pulse is applied to the 
selected EEPROM cell's word line, whil^all other bit lines on a same device 
level are left floating or are placed at a slight positive voltage while all other 
20 word lines on the same device level are grounded. 



420. The array of claim 419, wherein ^plurality of EEPROM cells are 
programmed at the same time. 



25 421 . The array of claim 420, wherein the programming voltage is 10 

to 20 V . 

422. The array of claim 419, wherein: 
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an^EEPROM cell in the array is erased by pulsing its word line to 
a high negative value while its source and drain bit lines are grounded; or 

an EERROM cell in the array is erased by grounding its wordline 
and pulsing at least one of its source and drain to a high positive value. 



423. The array of^laim 422, wherein: 

a plurality of TjEEPROM cells in the array are erased at the same 
time by pulsing a plurality o^word lines to a high negative value while all bit 
lines are grounded; or 
10 a plurality of EEPROM cells in the array are erased at the same 

time by grounding their wordline^ and pulsing at least one of their source and 
drain to a high positive value. 




424. A monolithic three dimensional array comprising a plurality of 
15 device levels wherein each device levelcontains the array of claim 41 5. 



20 



25 



425. The array of claim 424, wherein each cell size per bit in the 
array is about 8F 2 /N to about 1 1 F 2 /N, wher\ F is a minimum feature size and 
N is a number of device levels in the array. 

426. The array of claim 424, further con^prising: 
an interlayer insulating layer above tf\^ second plurality of 

spaced-apart rail-stacks; 

a third plurality of spaced-apart conductive bit lines disposed at 
a third height above the substrate in the first direction! and 

a fourth plurality of spaced-apart rail-stack\ disposed at a fourth 
height in the second direction different from the first direction, each rail-stack 
including: 
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)lurality of semiconductor islands whose first surface is in 
contact with said third plurality of spaced-apart bit lines; 
a conductive word line; and 

charg\ storage regions disposed between a second surface of 
the semiconductor islands and the word line. 



10 



15 



20 



25 



427. The array of claim 426, further comprising: 

an interlayerVisulating layer above the fourth plurality of spaced- 
apart rail-stacks; 

a fifth plurality of spaced-apart conductive bit lines disposed at a 
fifth height above the interlayeWisulating layer in the first direction; and 

a sixth plurality of spaced-apart rail-stacks disposed at a sixth 
height in the second direction different from the first direction, each rail-stack 
including: 

a plurality of semiconduckor islands whose first surface is in 
contact with said fifth plurality of\ spaced-apart bit lines; 
a conductive word line; and 

charge storage regions dispose^ between a second surface of 
the semiconductor islands and the wor\d line. 



428. The array of claim 424, wherein th&word line, the charge 
storage regions and the semiconductor islands of \he rail stacks are aligned in 
a plane perpendicular to the substrate and parallel t\a source to drain 
direction. 

429. The array of claim 428, wherein the word lil^e, the charge 
storage regions and the semiconductor islands of the rail sracks are aligned in 
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twl^lanes perpendicular to the substrate and parallel to a source to drain 
direction 



430\ A method of making a flash memory array disposed above a 
5 substrate, comprising: 

forpiing a first plurality of spaced-apart conductors disposed at a 
first height above\the substrate in a first direction; 

formirYg a first insulating layer located between the first 
conductors; \ 
10 forming a\^ack of layers comprising a first semiconductor layer 

and a charge storage film; 

patterning the^stack to form a plurality of first rail stacks 
comprising a semiconductor\ail and a charge storage region rail, having at 
least one aligned lateral edge; 
15 forming source and drain regions in the semiconductor rails; 

forming a second conductive layer; and 



patterning the second conductive layer and the first rail stacks 
to form a plurality of second rail stacks Comprising a word line, charge 
storage region islands and semiconductor islands, wherein the second rail 



20 stacks are aligned in a plane perpendicular teethe substrate and parallel to a 
source to drain direction. 

431 . The method of claim 430, wherein: 

the step of forming the first insulating^ayer located between the 
25 first conductors comprises forming the first insulatingUayer above and 
between the first conductors and planarizing the first insulating layer to 
expose the first conductors; and 
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the step of forming the stack of layers comprises forming the 
stack of layers o\the exposed first conductors and the planarized first 
insulating layer. \ 



10 



15 



20 



432. The method of claim 431 , wherein the step of forming the 
source and drain regionskcomprises outdiffusing dopants of a second 
conductivity type into the^semiconductor islands of a first conductivity type 
from the first plurality of sp^ced-apart conductors. 




433. The method of clainn 430, wherein: 

the step of forming the first insulating layer comprises forming 



the first insulating layer on the semiconductor islands of the second rail 
stack; and 

the step of forming the firbt conductors comprises forming 
trenches in the first insulating layer, depositing a second conductive layer in 
the trenches and over the first insulating la^er and planarizing the second 
conductive layer. 




434. The method of claim 430 wherein: 

the first conductors comprise a polys\icon layer and a metal or 
metal silicide layer; and 

the word line comprises a polysilicon lay^r and a metal or metal 

silicide layer. 



25 435. The method of claim 430, wherein said charg&storage region 

islands comprise dielectric isolated floating gates, electrically\solated 
nanocrystals, or O-N-O dielectric stacks. 
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{6. The method of claim 435, wherein: 

the step of forming the stack comprises forming a tunnel 
dielectric laV v er and a floating gate layer over the first semiconductor layer; 
and 

the step of patterning the stack comprises forming a photoresist 
mask over the floating gate layer and etching the stack to form the plurality 
of first rail stacks comprising semiconductor rails and charge storage region 

rails comprising tunnel dielectrics and floating gates, the first rail stacks 

\ 

having two aligned lateral edges. 



437. The methodVf claim 436, further comprising forming a control 
gate dielectric layer over tlr§ floating gates of the first rail stacks, wherein the 
control gate dielectric layer e\tends beyond the lateral edges of the first rail 
stacks. 



438. The method of claim \37, wherein the step of patterning the 

second conductive layer and the firsi&rail stacks further comprises patterning 

the control gate dielectric layer such that the control gate dielectric is 

\ 

disposed between the word lines and tha first insulating layer, and wherein 
the control gate dielectric is aligned in a plane perpendicular to the substrate 
and parallel to a source to drain direction to the semiconductor islands, the 
tunnel dielectric, the floating gates and the cotatrol gates. 



439. The method of claim 435, wherein: 

the step of forming the stack comprise^ forming a tunnel 
dielectric layer and a floating gate layer over the first^emiconductor layer; 
and 
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fl^e step of patterning the stack comprises etching the stack to 

form the plurality of first rail stacks comprising semiconductor rails having a 

\ 

first width and charge storage region rails comprising tunnel dielectrics and 

\ 

floating gates having a second width smaller than the first width; 
5 such that the first rail stacks contain 

\ 

one aligned lateral edge of the semiconductor rails, the tunnel 
dielectrics and the floating gates; and 

an exposed portion of the semiconductor rails. 

10 440. The method of c|aim 439, wherein the step of patterning the 

stack comprises: 

forming a first photoresist mask having a first width over the 

stack; 

etching the first semiconductor layer, the tunnel dielectric layer 
15 and the floating gate layer using the filbt photoresist mask; 

forming a second photoresist mask having a second width 
smaller than the first width over the floating gate layer; and 

etching the tunnel dielectric layer and the floating gate layer but 
not the first semiconductor layer using the se\ond photoresist mask. 

20 

441 . The method of claim 439, wherein f^e step of patterning the 
stack comprises: 

forming a first photoresist mask having^ first width over the 

stack; 

25 etching the tunnel dielectric layer and the floating gate layer 

using the first photoresist mask to expose a portion of th^first 
semiconductor layer; 
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farming a second photoresist mask having a second width larger 
than the first w\jth over the floating gate layer and over an exposed portion 
of the first semiconductor layer; and 

etchirfg the first semiconductor layer using the second 
photoresist mask. 



10 



442. The methocl of claim 439, further comprising forming a control 
gate dielectric layer over the floating gates and over the exposed portions of 
the semiconductor rails of the first rail stacks, wherein the control gate 
dielectric layer functions as aVjate dielectric of access transistors over the 
exposed portions of the semiconductor rails. 



l ;i 15 



20 



443. The method of claim %42, wherein the control gate dielectric 
layer extends beyond the lateral edg\s of the first rail stacks. 

444. The method of claim 443, wvherein the step of patterning the 
second conductive layer and the first rail^stacks further comprises patterning 
the control gate dielectric layer such that the control gate dielectric is 
disposed between the word lines and the first insulating layer, and wherein 
the control gate dielectric is aligned in a plana perpendicular to the substrate 
and parallel to a source to drain direction to th\ semiconductor islands, the 
tunnel dielectric and the control gates. 



445. The method of claim 439, further comprising forming a second 
25 insulating layer between an exposed portion of the semiconductor rails and 
the word line to form an offset region. 
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446. The method of claim 445, further comprising forming the 
second insulating layer between the semiconductor rails to isolate the 
semiconductor rails. 



447. The method of claim 430, further comprising monolithically 
forming a plurality of additional device levels of the array to form a three 
dimensional monolithic array having at least three device levels. 



448. The metftpd of claim 447, further comprising forming an 
10 interlayer insulating layer between each device level. 

449. A charge storage device disposed above a substrate, comprising 
a first layer of transition metal-crystallized silicon disposed 

above a substrate; 
15 a p-n junction disposed in said first layer; and 

a local charge storage film disposed adjacent to said first layer. 

450. A monolithic three dimensional array comprising a plurality of 
device levels containing the devices ofVlaim 449, in which the p-n junction 

20 comprises a junction between a source region and a channel or a drain region 
and a channel. 

451 . A memory array disposed above\a substrate, the array 
comprising: 

25 a first plurality of spaced-apart conductors disposed at a first 

height above the substrate in a first direction; anc 
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a second plurality of spaced-apart rail-stacks disposed at a 
second height ir^a second direction different from the first direction, each 
rail-stack including- 

a semiconductor film of a first conductivity type in contact with 
said first plurality of spaced-apart conductors; 

a local charge storage film disposed adjacent to the 
semiconductor filrn; and 

a conductiveVfilm disposed adjacent to the local charge storage 




film, 

10 each said semiconductor film being at least partially crystallized 

using a transition metal induced lateral crystallization process. 



l :Z 15 



20 



452. A method for manufacturing a charge storage device, 
comprising: 

providing a first amorphous silicon or polysilicon layer above a 



substrate; 



first layer. 



providing a transition metal catalyst into the first layer; 
crystallizing the first layer; 
forming a p-n junction in said firkt layer; and 
forming a local charge storage film disposed adjacent to said 



25 



453. The method of claim 452, wherein theprystallizing occurs at a 
temperature in a range of about 400 °C to about 700\C, and further 
comprising further crystallizing said first layer with a hig^h-temperature anneal 
in a range of about 750 °C to about 975 °C. 
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45^|. The method of claim 452, further comprising forming a gate 
disposed adjacent to the local charge storage film. 

\ 

455. The method of claim 454, further comprising forming a plurality of 

\ 

5 device levels comprising transition metal-crystallized silicon TFTs. 



456. A semiconductor device comprising a monolithic three 



dimensional array of charge storage devices comprising a plurality of device 
levels, wherein at least\>ne surface between two successive device levels is 
10 planarized by chemical mechanical polishing. 



457. The semiconductor device of claim 456, wherein the array 
contains four or more device levels. 

\ 

15 458. The semiconductor dWice of claim 457, wherein each charge 

storage device comprises a pillar TR^EEPROM. 

459. The semiconductor device of claim 457, wherein each charge 
storage device comprises a pillar diode v^ith a charge storage region. 

20 

460. The semiconductor device of Sjaim 457, wherein each charge 
storage device comprises a self aligned TFT EEPROM. 

461 . The semiconductor device of claimV57, wherein each charge 
25 storage device comprises a rail stack TFT EEPROM. 
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462. The semiconductor device of claim 457, wherein the surface of 
insuring or a conductive layer in each device level is planarized by 
chemical r^echanical polishing. 



an 



V 



463. The semiconductor device of claim 457, wherein the surface of 
an interlayer insulating layer located between two levels is planarized by 
chemical mechanical polishing. 



464. The semiconductor device of claim 457, wherein a peak to peak 
10 roughness of the surface planarized by chemical mechanical polishing is 4000 

Angstroms or less. 

465. The semiconductor device of claim 457, further comprising 
driver circuitry formed in the substrate at least in part under the array, within 

15 the array or above the array, i 



20 



25 



466. The semiconductor device of claim 465, wherein the driver 
circuitry comprises at least one o^f sense amps and charge pumps formed 
under the array in the substrate. 

467. A method of making a n^onolithic three dimensional array of 
charge storage devices comprising: 

forming a plurality of devicfe levels; and 

planarizihg at least one surface between two successive device 
levels by chemical mechanical polishing. 



468. The method of claim 467, further comprising: 
forming four or more device levelst and 
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narizing at least one surface between at least three 



A 



successive device levels by chemical mechanical polishing. 



469. The method of claim 468, wherein each charge storage device is 

v 

\ 

5 selected from a group consisting of a pillar TFT EEPROM, a pillar diode with a 
charge storage region\a self aligned TFT EEPROM, and a rail stack TFT 
EEPROM. 

470. The method of claim 468, wherein a surface of an insulating 
10 layer in each device level is planarized by chemical mechanical polishing. 



15 



471 . The method of cla^m 468, wherein a surface of a conductive 
layer in each device level is planarized by chemical mechanical polishing. 



\ 



472. The method of claim 4,68, wherein the surface of an interlayer 
insulating layer located between twc\levels is planarized by chemical 
mechanical polishing. 



473. The method of claim 468, further comprising forming driver 
20 circuitry in a substrate at least in part unde( the array, within the array or 

above the array. 

474. The method of claim 473, wherei^ the driver circuitry comprises 
at least one of sense amps and charge pumps formed under the array in the 

25 substrate. 



475. A semiconductor device comprising a monolithic three 
dimensional array of charge storage devices comprisirig a plurality of device 
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levels, wherein at least one surface between two successive device levels 
has a ppak to peak roughness of 4000 Angstroms or less within a stepper 
field. 




476. \The semiconductor device of claim 475, wherein the array 
contains four or more device levels. 



10 



477. The semiconductor device of claim 476, wherein each charge 
storage device comprises at least one of a pillar TFT EEPROM, a pillar diode 
with a charge storag^region, a self aligned TFT EEPROM and a rail stack TFT 
EEPROM. 




478. The semiconductor device of claim 475, wherein the at least 

\ 

one surface between two successive device levels has a peak to peak 



15 roughness of 500 to 1000 Angstroms within a stepper field 



20 



479. The semiconductor device of claim 478, wherein the at least 
one surface comprises a surface of 3{i insulating or a conductive layer in each 
device level that is planarized by chenrfical mechanical polishing. 

480. The semiconductor device of\laim 478, wherein the at least 
one surface comprises a surface of an interlayer insulating layer located 
between two levels that is planarized by chemical mechanical polishing. 



25 481 . The semiconductor device of claim 4£75, further comprising 

driver circuitry formed in the substrate at least in pa^t under the array, within 
the array or above the array. 
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482. The semicondLrctaiydg^ice of claim 481, wherein the driver 
circuitry comprises at least one Wsense amps and charge pumps formed 
under the array in the substrat^ 
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